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INTRODUCTION

The PICmicro® microcontroller makes an ideal choice
for an embedded DC Servomotor application. The PIC-
micro family has many devices and options for the
embedded designer to choose from. Furthermore, pin
compatible devices are offered in the PIC16CXXX and
PIC18CXXX device families, which makes it possible to
use either device in the same hardware design. This
gives the designer an easy migration path, depending
on the features and performance required in the appli-
cation. In particular, this servomotor has been imple-
mented on both the PIC18C452 and PIC16F877
devices, and we'll look at the MCU resources required
to support the servomotor application. With an under-
standing of the servomotor functions, you can start with
the design shown here and implement your own cus-
tom DC servomotor application based on the PICmicro
device that suits your needs.

The PICmicro MCU handles many functions in the
servomotor application, such as:

« User control interface
e Measurement of motor position
« Computation of motion profile

« Computation of error signal and PID compensa-
tion algorithm

« Generation of motor drive signal

« Communication with non-volatile EEPROM
memory

HARDWARE

A Pittman Inc. 9200 Series DC motor was used to
develop the application source code. The motor was
designed for a 24 VDC bus voltage and has a no-load
speed of 6000 RPM. The torque constant (Ky) for the
motor is 5.17 o0z-in/A and the back-EMF constant (Kg)
is 3.82 V/KRPM. This motor has an internal incremental
encoder providing a resolution of 500 counts-per-
revolution (CPR). In practice, the design should be
compatible with almost any brush-DC motor fitted with
an incremental encoder.

A schematic diagram for the application is shown in
Figure 1. The DC motor is driven by a SGS-Thomson
L6203 H-bridge driver IC that uses DMOS output
devices and can deliver up to 3 A output current at sup-
ply voltages up to 52 V. The device has an internal
charge pump for driving the high-side transistors and
dead-time circuitry, to prevent cross-conduction of the
output devices. Each side of the bridge may be driven
independently and the inputs are TTL compatible. An
enable input and automatic thermal shutdown are also
provided. A transient voltage suppressor is connected
across the motor terminals to prevent damage to the
L6203.

The PWM1 output from the MCU is connected to both
sides of the H-bridge driver IC with one side of the
bridge driven with an inverted PWM signal. You get
more switching losses when the bridge is driven in this
manner, because all four devices in the bridge are
switched for each transition in the PWM signal. How-
ever, this arrangement provides an easy method of bi-
directional control with a single input signal. For exam-
ple, a 50% PWM duty cycle delivered to the H-bridge
produces zero motor torque. A 100% duty cycle will
produce maximum motor torque in the forward direc-
tion, while a 0% duty cycle will produce maximum
motor torque in the opposite direction. The only other
control signal is an enable input that turns the output of
the H-bridge driver IC on or off.

The quadrature pulse outputs from the encoder are
connected through external pull-up resistors. The out-
puts are then filtered and decoded into up and down
pulse trains with a 74HC74 dual D flip-flop. Figure 2
shows a timing diagram, indicating the output of the
decoder circuit for each direction of the motor. It's pos-
sible to decode the encoder outputs so that an output
pulse is generated for every transition of the encoder
output signals, which yields a 4x increase in the speci-
fied encoder resolution. However, the 1x decoding cir-
cuit is implemented here for simplicity (see Figure 1).
The up and down pulse outputs from the D flip-flops are
connected to the TimerO0 and Timerl clock inputs,
respectively. This method of decoding the motor posi-
tion is beneficial, because it requires low software over-
head. The cumulative forward and reverse travel
distances are maintained by the timers, while the MCU
is performing other tasks.
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FIGURE 1: DC SERVOMOTOR SCHEMATIC DIAGRAM
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FIGURE 2: DECODER CIRCUIT TIMING DIAGRAM
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The primary user interface is a RS-232 connection to a
host PC. A Dallas Semiconductor DS275 transceiver is
used in the design. This IC supports half-duplex com-
munication and steals power from the host device for
generating the transmit voltages required for the
RS-232 standard. Four DIP switches are also included
in the circuit and are connected to PORTB<7:4>.
These switches are optional for the design and are
used by the software to activate motion profiles when
no host PC is available.

The LEDs shown in the schematic diagram are used to
implement a bar graph display used by the firmware to
indicate the percentage of the MCU bandwidth used by
the servo calculations. To measure the bandwidth, 1/0
pin RC5 is toggled high when the servo calculations
begin, and toggled low when they are completed. The
resulting output is filtered to create a DC voltage pro-
portional to the bandwidth used and is connected to
Channel 0 of the A/D converter. The LEDs and filter cir-
cuit are not essential, and can be removed from the
application if desired.

SOFTWARE

The servomotor software performs the servo position
calculations and provides a command interpreter to
create and control motion profiles.

Servo Calculations

The entire servomotor function is implemented in the
Interrupt Service Routine (ISR), which must perform
the following tasks:

« Get current motor position

* Get desired motor position
 Find the position error

¢ Determine new PWM duty cycle

Timer2, the timebase for the CCP1 module, is used to
generate interrupts that time the servo calculations.
This ensures that the PWM duty cycle changes are
synchronous with the PWM period.

The frequency of the PWM signal that drives the motor
should be high enough so that a minimal amount of cur-
rent ripple is induced in the windings of the DC motor.
The amount of current ripple can be derived from the
PWM frequency, motor winding resistance, and motor
inductance. More importantly, the PWM frequency is
chosen to be just outside the audible frequency range.
Depending on how much hearing loss you've suffered,
a PWM frequency in the 15 kHz - 20 kHz range will be
fine. There's no need to set the PWM frequency any
higher; this will only increase the switching losses in the
motor driver IC. For this application, the MCU is oper-
ated at 20 MHz and the PWM frequency is 19.53 kHz.
At this PWM frequency, a Timer2 interrupt would occur
every 51 psec. The servo calculations do not need to
be performed this often, so the Timer2 postscaler is
used to set the Timer2 interrupt rate. Using the
postscaler, interrupts may be generated at any fre-
quency from 1/2 to 1/16" the PWM frequency.

Position Updates

The first task to be done in the servo calculations is to
determine exactly where the motor is at the present
moment. The function UpdPos() is called to get the
new motor position. As mentioned earlier, TimerO and
Timerl are used to accumulate the up and down pulses
that are derived from the encoder output signals. The
counters are never cleared to avoid the possibility of
losing count information. Instead, the values of the
TimerO and Timerl registers saved during the previous
sample period are subtracted from the present timer
values, using two's-complement signed arithmetic.
This calculation provides us with the total number of up
and down pulses accumulated during the servo update
period. The use of two's-complement arithmetic, also
accounts for a timer overflow that may have occurred
since the last read. The down pulse count, DnCount , is
then subtracted from UpCount, the up pulse count,
which provides a signed result indicating the total dis-
tance (and direction) traveled during the sample period.
This value also represents the measured velocity of the
motor in encoder counts per servo update period and is
stored in the variable nvel oci ty.

The measured position of the motor is stored in the
variable nposi ti on. The upper 24 bits of nposi ti on
holds the position of the motor in encoder counts. The
lower 8 bits of nposition represent fractional
encoder counts. The value of nvel oci ty is added to
nposi ti on to find the new position of the motor. With
24 bits, the absolute position of the motor may be
tracked through 33,554 shaft revolutions using a 500
CPR encoder. If you need to cover greater distances
with the motor, the size of mposition can be
increased as needed.

Trajectory Updates

Now that we know where the motor is, we need to
determine where the motor is supposed to be. The
commanded motor position is stored in the variable
posi ti on. The size of posi ti on is 32 bits with the
lower 8 bits representing fractional encoder counts.
When the value of posi ti on is constant, the motor
shaft will be held in a fixed position. We can also have
the servomotor operate at a given velocity by adding a
constant value to posi t i on at each servo update. The
fractional bits in posi t i on allow the motor to be oper-
ated at very low velocities. In order for the servomotor
to produce smooth motion, we need a motion profile
algorithm that controls the speed and acceleration of
the motor. In the context of this application, we must
control the rate at which posi ti on is changed. The
UpdTr aj () function does this job and its purpose is to
determine the next required value for positi on,
based on the current motion profile parameters. For
this application, a movement distance, velocity limit,
and acceleration value are required to execute the pro-
file. From this data, the servomotor will produce trape-
zoidal shaped velocity curves.
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Figure 3 shows a flowchart of the UpdTr aj () function.
If the motion profile is running and the PWM output is

not saturated,

FIGURE 3:

indicated by the stat.run and

UpdTraj () FLOWCHART

st at . sat ur at ed flags, the mation profile algorithm
will find the next value for posi ti on. Figure 4 shows
a flowchart of the motion profile operation.
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FIGURE 4: MOTION PROFILE FLOWCHART
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The motion profile is executed in two phases. The first
half of the movement distance is traveled in the first
phase and the remaining distance in the second phase.
The st at . phase flag indicates the current phase of
the motion segment. Half of the total distance to be
traveled is stored in the variable phaseldi st. The
final destination position for the motor is stored in
f position.

The velocity limit for the motion profile is stored in the
variable vl i m The present commanded velocity of the
motor is stored in vel act . The acceleration value for
the profile is stored in accel . A delay time for the
motion profile is stored in the variable dt i me. This vari-
able tells the motion profile how many servo update
periods to wait before executing the next motion seg-
ment. Finally, the direction of motion is set by the
st at . neg_nove flag.

Once the variables used for the motion profile have
been loaded, the st at . noti on flag is set and motion
begins on the next servo update. This flag is cleared
when the motion profile has completed.

The motor can be run at any desired speed by adding
a constant value to posi ti on at each servo update,
forcing the servomotor to track the new commanded
position. The value added to posi ti on at each servo
update is stored in the variable vel act . Furthermore,
the motor will accelerate (or decelerate) at a constant
rate, if we add or subtract a value to vel act at each
servo update. The acceleration value for the profile is
stored in the variable accel . The value of accel is
added to vel act at each servo update. The value of
vel act is then added or subtracted from the com-
manded motor position, posi ti on, depending on the
state of the stat.neg_nove flag. The value of
vel act is also subtracted from phaseldi st to keep
track of the distance traveled in the first half of the
move. The motor stops accelerating when vel act is
greater than vl i m After the velocity limit has been
reached, fl at count is incremented at each servo
update period to maintain the number of servo updates
for which no acceleration occurred.

The first half of the move is completed when
phaseldi st becomes zero or negative. At this time,
the st at . phase flag is set to '1’. The variable f | at -
count is then decremented at each servo period.
When f | at count = 0, the motor begins to deceler-
ate. The move is complete when vel act = 0. The
motion profile then waits the number of sample periods
stored in dt i ne. When dt i ne is 0, the previously cal-
culated destination in f posi t i on is written to the com-
manded motor position and the st at . noti on flag is
cleared to indicate the motion profile has completed.

When the motion profile is completed, the UpdTr aj ()

function checks the present motion segment value in
segnumto see if another motion segment should be
executed. The first and last motion segments to be exe-
cuted are stored in firstseg and | ast seg, respec-
tively. If segnumis not equal to | ast seg, then segnum
is incremented and the Set upMove() function is
called to load the new segment parameters into the
motion profile variables.

Error Calculation

The Cal cError () function subtracts the measured
motor position, nposi ti on, from the commanded
motor position in the variable posi ti on, to find the
amount of position error. The position error result is
shifted to the right and the lower 8 bits that hold frac-
tional data are discarded. This leaves the 24-bit posi-
tion error result in u0, which is then truncated to a 16-bit
signed value for subsequent calculations.

Duty Cycle Calculations

The Cal cPI D() function implements a proportional-
integral-derivative (PID) compensator algorithm and
uses the 16-bit error result in u0 to determine the next
required PWM duty cycle value. The PID gain con-
stants, kp, ki , and kd, are stored as 16-bit values.

The proportional term of the PID algorithm provides a
system response that is a function of the immediate
position error, u0. The integral term of the PID algo-
rithm accumulates successive position errors, calcu-
lated during each servo loop iteration and improves the
low frequency open-loop gain of the servo system. The
effect of the integral term is to reduce small steady-
state position errors.

The differential term of the PID algorithm is a function
of the measured motor velocity, nvel ocity, and
improves the high frequency closed-loop response of
the servo system.

After the three terms of the PID algorithm are summed,
the 32-bit result stored in ypi d is saturated to 24 bits.
The upper 16 bits of ypi d are used to set the duty
cycle, which effectively divides the output of the PID
algorithm by 256. Since the PWM module has a 10-bit
resolution, the value in the upper 16 bits of ypi d is
checked to see if it exceeds +511 or -512. When this
condition occurs, the PWM duty cycle is set to the max-
imum positive or negative limit and the
stat.saturated flagis set.

The commanded position will not be updated by
UpdTraj () when the PWM output becomes satu-
rated. In addition, the integral accumulation in the PID
algorithm is bypassed. This allows the servomotor to
smoothly resume motion when the saturation condition
ends. If the integral error and the motion profile contin-
ued to update, the servomotor would produce sudden
and erratic motions when recovering from a mechani-
cal overload.
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Command Interpreter

The servomotor software has a command interpreter
that allows you to enter motion profile segment data,
run motion profiles, and change the PID gain con-
stants. After all peripherals and data memory have
been initialized, the main program loop polls the
USART interrupt flag to detect incoming ASCII data.
Each incoming byte of data is stored ini npbuf [] asit
is received. A comma or a <CR> is used to delimit each

FIGURE 5:

command sequence and the DoConmand() function is
called each time either of these characters are received
to determine the correct response. The DoConmand( )
function can tell which portion of the command is in
i npbuf [] by contount, which holds the number of
commas received since the last <CR>. A flowchart of
the command interpreter operation is given in Figure 5
and Figure 6.
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FIGURE 6: DoConmand() FLOWCHART
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Motion profile segment data is stored as a 2 dimen-
sional array of integer values in data memory. The data
for each motion profile segment consists of a move-
ment distance, acceleration value, velocity limit, and
delay time. The software, as written, permits data for up
to 24 motion profile segments to be entered and stored.

However, the number of segments may be increased or
decreased depending on the available memory
resources in your application.

The ASCII string required to change motion profile seg-

ment parameter, consists of the parameter, the seg-
ment number, and the data. For example, let's assume
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that you wish to change the acceleration value for seg-
ment 2 to 1000. To do this, you would send the follow-
ing ASCII string to the servomotor:

A 2,1000 <CR>

This syntax can be used to change all motion profile
segment parameters.

After all motion profile data has been entered, a single
motion profile segment, or range of segments, may be
executed using the 'G’ or 'L’ command. To execute seg-
ments 1 through 4, for example, you would send the fol-
lowing ASCII string to the servomotor:

G 1, 4 <CrR>

If you only want to run one motion segment, the desired
segment number is entered twice as shown:

G1,1 <Cr>

The 'L’ command is used the same way as the ‘G’ com-
mand, except that the range of motion segments is
executed repeatedly. This command is useful for creat-
ing repetitive motions with the servomotor. The 'S’ com-
mand stops the motion profile after the presently
executing motion segment has completed.

Three commands are available to change the PID gain
constants. With these commands, you can manually
tune the PID algorithm to obtain the best performance
from the motor in your application.

The 'W’ command turns the motor driver IC on or off.

Note: You may find the ‘W command to be
extremely useful if the PID gain constants
you've chosen cause the servomotor to
become unstable.

A summary of all servomotor commands and their syn-
tax is given in Table 1.

Two status flags, stat.run and stat.| oop, are
used to control execution of the motion profile. If a 'G’
command is entered to run a series of motion seg-
ments, the stat . run flag is set. If a 'L’ command is
entered, the st at. run and the st at . | oop flags are
set. When the Set upMove() function determines that
the last segment in the motion profile has executed, the
stat. | oop flag is checked. If st at . | oop is set, the
motion profile segment data for the first segment in the
sequence is loaded and execution continues. If
st at .| oopis clear, thenthe st at . r un flag is cleared
and motion stops.

Operation With ASCII Terminal

You can use a PC terminal program, such as
PROCOMM® or HyperTerminal®, to control the servo-
motor. The terminal program should be configured for
19.2 kBaud, no parity, 8 data bits, and 1 stop bit. When
the servomotor is reset, you will see an introduction
message and a 'READY>' prompt. You should now be
able to enter any of the commands shown in Table 1.

TABLE 1: SERVOMOTOR COMMAND

SUMMARY

Command: X, seg#, data <CR>

Sets the distance to be travelled for the specified
motion profile segment. Data is provided in encoder
counts relative to the present position.

O<seg# <23
-32768 < data < 32767

Command: A, seg#, data <CR>

Sets the acceleration for the specified motion profile
segment. Data is provided in encoder
COUntS/TSERVO2/65536.

0<seg#<23
1 < data < 32767

Command: V, seg#, data <CR>

Sets the velocity limit for the specified motion profile
segment. Data is provided in encoder
COUntS/TSERvol256.

0<seg#<23
1 < data < 32767

Command: T, seg#, data <CR>

Specifies the amount of time to wait before executing
the next motion profile segment. Data is provided in
Tservo Multiples.

0 <seg#<23

0 < data < 32767

Command: G, startseg, stopseg <CR>

Executes a range of motion profile segments.

0 < startseg < 23
0 < stopseg < 23

Command: S <CR>

Stops execution of a motion profile.

Command: P, dat a <CR>

Changes the proportional gain for the PID algorithm.
-32768 < data < 32767

Command: | , data <CR>

Changes the integral gain for the PID algorithm.
-32768 < data < 32767

Command: D, dat a <CR>

Changes the differential gain for the PID algorithm.
-32768 < data < 32767

Command: W <CR>

Enables or disables the PWM driver stage.
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Stand-alone Operation

The provided application firmware allows the servo-
motor to perform a few basic motions without a PC con-
nected. Specifically, data for three different motion
profiles are stored in the MCU program memory and
are loaded into data memory at start-up. Each profile is
selected by turning on DIP switch #2, #3, or #4, con-
nected to PORTB and pressing the MCLR button.

The software polls the DIP switches once, at start-up,
to see if a profile should be executed. The selected pro-
file will begin to execute immediately. If DIP switch #1
is turned on in combination with one of the other
switches, the selected profile will execute repeatedly.

PICmicro MCU RESOURCES

There is a broad range of PICmicro devices that can be
used to implement the servomotor application, depend-
ing on the level of performance that you need. To begin
with, let's consider the processing time needed by the
servo calculations.

A large amount of time is spent in the servo calcula-
tions executing the compensator, which requires one or
more multiplications depending on the type of algorithm
used. Three 16 x 16 signed multiplications are required
by the PID compensator algorithm used here. Since the
servo update calculations must be performed fre-
quently, a hardware multiplier can provide a significant
reduction in the MCU bandwidth. With a 8 x 8 hardware
multiplier, each 16 x 16 multiplication can be performed
in approximately 32 instruction cycles. Without the
hardware multiplier, each multiplication can take 500
instruction cycles or more, depending on the algorithm
that is used.

The servo calculation times were compared for the
PIC16CXXX and PIC18CXXX architectures, using the
same source code. Table 2 shows the performance
results. You can easily see the increase in available
bandwidth gained by the hardware multiplier. For a
given servo update period, the hardware multiplier in
the PIC18CXXX architecture frees a large amount of
MCU bandwidth for performing other tasks. In addition,
extra MCU bandwidth may be obtained from the
PIC18CXXX architecture, since the devices may be
operated up to 40 MHz.

Table 3 and Table 4 show a comparison of memory
usage by the servomotor application, for both the
16F877 and the 18C452. Depending on the memory
requirements for motion profile segment data and other
application functions, the design may be adapted for
other MCUs. As an example of a minimal implementa-
tion, this application could be modified to operate on a
PIC16C73B. The PIC16C73B has 22 1/O pins, 4K x 14
words of program memory, and 192 bytes of data
memory.

The resolution of the available timer resources must be
considered when using the position sensing method
described here. The maximum RPM of the servomotor
is a function of the timer resolution, servo update fre-
quency, and the resolution of the incremental encoder.
Because two’s complement arithmetic is used to find
the motor position, the timers used to accumulate the
encoder pulses should not increment more than 2N-1
counts during each servo update interval, or position
information will be lost.

When a PIC16CXXX device is used for the servomotor
application, Timer0 and Timerl are the only timers with
an external clock input and TimerO has only 8 bits of
resolution. For some cases, this may limit the maxi-
mum motor RPM. A formula that can be used to calcu-
late the maximum RPM is given in Equation 1 below:

EQUATION 1: MAXIMUM RPM
_ 2Vl fs. 60
RPMywc= —epr

In this equation, N represents the resolution of the timer
in bits, fg, is the servo update frequency, and CPR is
the resolution of the encoder. The incremental encoder
used in this application provides 500 CPR. For the
moment, let's assume that our servo update frequency
is 1000 Hz. Using 1x decoding, the maximum RPM that
we can permit without a timer overflow, is over 15,000
RPM. This maximum limit is of no concern for us, since
the motor we are using provides a no-load speed of
6000 RPM. Now, let's assume that a 4x decoding
method was used, so that our encoder now provides
2000 CPR. Now, the maximum motor speed is 3840
RPM, which is definitely a problem! In this case, the
servo update frequency would have to be increased, if
possible, or the encoder resolution decreased.
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TABLE 2: SERVO CALCULATION BANDWIDTH COMPARISON
Operatin Hardware Servo Maximum MCU Bandwidth
Device P 9 S Update Servo Calculation
Frequency Multiplier . . Used
Period Time
PIC16CXXX 20 MHz No 563 psec 540 psec 96%
PIC18CXXX 20 MHz Yes 563 psec 97 usec 17%
TABLE 3: PROGRAM MEMORY RESOURCES FOR SERVOMOTOR APPLICATION
Device Available Program Program Me_mor_y Used Percentage Used
Memory by Application
PIC16F877 8192 x 14 3002 x 14 37%
PIC18C452 32768 x 8 8265 x 8 25%
TABLE 4: DATA MEMORY RESOURCES FOR SERVOMOTOR APPLICATION
Device Total Data Memory | Data Memory Used | Data Memory Used Available Data
Available by Application by Compiler® Memory
PIC16F877 368 bytes 78 bytes 44 bytes 246 bytes
PI1C18C452 1536 bytes 78 bytes 386 bytes 1072 bytes
Note 1: The amount of data memory will depend on the compiler used. This memory is used for a software stack,
temporary variable storage, etc.

SERVOMOTOR SOURCE CODE

Two source code listings are provided with this applica-
tion note. The source code given in Appendix A was
written for the MPLAB®-C18 compiler and will operate
on a PIC18C452 or PIC18C442. If the LEDs are omit-
ted from the design, the code may also be compiled to
operate on the PIC18C242 or the PIC18C252, which
are 28-pin devices with fewer 1/O pins. The PIC18C452
application utilizes the MSSP peripheral to read and
write data to a 24C01 serial EEPROM.

The source code given in Appendix B was written for
the HiTech PICC compiler and will operate on the
PIC16F877. In particular, the 16F877 source code was
written to utilize the on-chip data EEPROM to store pro-
file data and PID gain values. These routines may be
omitted, if you wish to compile the source code for
other devices in the PIC16CXXX family. Like the
PI1C18C452 source code, the LEDs may be removed
for operation on a lower pin-count device.

GOING FURTHER...

A sufficient amount of MCU bandwidth is available
when the servomotor application is implemented using
the PIC18C452. This additional bandwidth could be
used for a variety of purposes, depending on the
requirements of the application. One use of the avail-
able MCU bandwidth takes advantage of the
PIC18CXXX family architecture, reduces external
hardware, and permits two servomotors to be con-
trolled by the same device.

Although the hardware-based solution for decoding the
quadrature encoder signals requires minimal software
overhead, it does require that two timers be used for
each encoder. There are not enough timer resources
available on the PIC18C452 device to permit two
encoders to be decoded. However, it is possible to
decode the encoder outputs directly in software. Fur-
thermore, the two priority level interrupt structure of the
PIC18CXXX architecture, provides an elegant way to
handle the software decoding algorithm. Using priority
interrupts, the servo calculations are performed in the
low priority ISR and the decoding algorithm is per-
formed in the high priority ISR. The high priority ISR is
able to override a low priority interrupt that is in
progress. This is important in this case, because the
encoder pulses can have short durations and must be
processed quickly.
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Figure 7 shows a flowchart of a software algorithm that
performs a 1x decode of the quadrature encoder
pulses. In addition, a possible connection diagram for a
two-servomotor solution is shown in Figure 8. One of
the encoder output signals is connected to an external
interrupt pin on the MCU and the other is connected to
an unused /O pin. The external interrupt source is con-
figured to provide an interrupt on each rising edge of
the incoming signal. Each time an interrupt occurs, the
state of the other encoder output is checked. An
encoder count value is maintained in software and is
incremented or decremented depending on the state of
the encoder signal. The resulting count value is propor-
tional to the motor velocity and direction, and is added
to the measured position of the motor each time
UpdPos() is executed.

The software decoding algorithm could be extended to
provide a 2x or 4x decoding, if desired. For 2x decod-
ing, the interrupt edge bit should be toggled each time
an interrupt occurs, so interrupts occur on both the ris-
ing and falling edges of the encoder signal. For 4x
decoding, the second encoder signal is connected to a
second external interrupt pin. In this case, interrupts

FIGURE 7:

are generated on every transition of the encoder sig-
nals. You must be careful though, since the amount of
MCU bandwidth needed for higher decode resolutions
can become very high. For example, a 6000 RPM
motor and 500 CPR encoder will produce interrupts
every 5 psec, when a 4x decoding algorithm is imple-
mented at full speed. Considering that the maximum
device frequency is 40 MHz, the MCU will be able to
perform 50 instruction cycles between each encoder
interrupt. In this case, the number of instruction cycles
required to implement the software decoding algorithm
will become very critical.

CONCLUSION

We have seen that the PIC18CXXX and PIC16CXXX
architecture families can be used to implement an
effective DC servomotor application. The source code
and hardware solutions presented here can be applied
to arange of devices in both families, depending on the
hardware resources and MCU bandwidth that your
application requires.

QUADRATURE DECODE FLOWCHART

INTERRUPT ON
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CH. A ENCODER
INPUT
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Y

INCREMENT DECREMENT
ENCODER COUNT ENCODER COUNT
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) for its PICmicro® Microcontroller is
intended and supplied to you, the Company’s customer, for use solely and exclusively on Microchip PICmicro Microcontroller prod-
ucts.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS” CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

APPENDIX A:  PIC18C452 SERVOMOTOR SOURCE CODE

L e e T T
/1 File:18nptor.c

/1

/1 Witten By: Stephen Bow i ng, M crochip Technol ogy

/1

/1 This code inplements a brush-DC servonotor using the PIC18C452 MCU.
/'l The code was conpiled using the MPLAB-C18 conpliler ver. 1.00.

/1 The device frequency should be 20 Miz.

/1

/1 The following files should be included in the MPLAB project:

/1

I/ 18motor.c -- Main source code file

/1 p18c452. | kr -- Linker script file

/1

/1 The followi ng project files are included by the linker script:

/1

I/ c018i .0 -- Cstartup code

I/ clib.lib -- Math and function libraries

/1 pl18c452.1ib -- Processor library

/1

e R LR R TR T
#i ncl ude <pl18c452. h> /'l Register definitions

#i nclude <stdlib. h>

#i ncl ude <string.h>

#i ncl ude <i2c. h> /1 12C library functions

#i ncl ude <pwm h> /1 PWMIlibrary functions

#i ncl ude <adc. h> /1 ADC library functions

#i ncl ude <portb. h> /1 PORTB library function

#include <tiners.h> /1 Timer library functions

e R LR T
/1 Constant Definitions
e e T T
#define Dl ST 0 /1 Array index for segment distance
#def i ne VEL 1 /1l Array index for segnent vel. limt
#define ACCEL 2 /1l Array index for segnent accel.
#define TI ME 3 /1 Array index for segnent delay tine
#define | NDEX PORTBbits. RBO /'l Input for encoder index pulse
#define NLIM PORTBbi t s. RB1 /1 Input for negative limt switch
#define PLIM PORTBbi t s. RB2 /1 Input for positive limt switch
#def i ne GPI PORTBbi t s. RB3 /'l General purpose input

#define MODE1 ! PORTBbi t s. RB4 /1 DIP swtch #1

#define MODE2 | PORTBbi t s. RB5 /1 DI P swtch #2

#defi ne MODE3 ! PORTBbI ts. RB6 /1 DIP switch #3

#define MODE4 | PORTBbi t s. RB7 /] DIP swtch #4

#defi ne SPULSE PORTCbi ts. RC5 /1 Software timng pul se output

#defi ne ADRES  ADRESH /'l Redefine for 10-bit A/ D converter
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e R R L R
/1 Variable declarations

e R T R T
const romchar ready[] = "\n\rREADY>";

const romchar error[] = "\n\rERROR! ";

char inpbuf[8]; /1 1 nput command buffer

unsi gned char

eeadr, /1 Pointer to EEPROM address
firstseg, /1 First segnment of notion profile
| ast seg, /] Last segnment of motion profile
segnum /1 Current executing segment

par aneter, /1 Index to profile data

i, /1 index to ASCII| buffer

contount, /1 index to input string

udat a /1 Received character from USART

struct {// Holds status bits for servo

unsi gned phase: 1; /1 Current phase of notion profile
unsi gned neg_nove: 1; /1 Backwards rel ative nove
unsi gned notion: 1; /'l Segnent execution in progress
unsi gned saturated: 1; /1 PWM output is saturated
unsi gned bit4:1;
unsi gned bit5:1;
unsi gned run:1; /] Enabl es execution of profile
unsi gned | oop: 1; /] Executes profile repeatedly
} stat
int
dtime, /1 Motion segrment delay tine
integral, /1 Integral value for PID alg.
kp, ki, kd, /1 PID gain constants
vliim /1 Velocity limt for segnment
mvel ocity, /1 Measured notor velocity
DnCount , /'l Hol ds accunul ated ’up’ pul ses
UpCount /1 Hol ds accumnul ated ' down’ pul ses
uni on LNG
{
long I;
unsi gned | ong ul;
int i[2];
unsigned int ui[2];
char b[4];
unsi gned char ub[4];
b
uni on LNG
tenp, /'l Tenporary storage
accel , /'l Segment accel eration val ue
uo, /1 PIDerror value
ypi d, /1 Hol ds output of PID calculation
vel act, /1 Current commanded vel ocity
phaseldi st /1 Half of segment distance
| ong
posi tion, /1 Commanded position.
nmposi tion, /1 Actual measured position.
fposition, /1 Originally comranded position.
flatcount; /1 Hol ds the nunber of sanple periods for which the

/1 velocity limt was reached in the first half of the nove.
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#pragma udata segdatal = 0x0100

int segnment1[12][4]; /1 Hol ds notion segment values in data menory.
int segment2[12][4]; 11 "

#pragma udat a

R

/'l Function Prototypes

R R L R

voi d servo_isr(void); /1 Does servo cal cul ations

voi d isrhandl er(void); /1 Located at high interrupt vector

voi d DoConmand(voi d); /'l Processes conmmand input strings

voi d Setup(void); /1 Configures peripherals and variabl es
voi d UpdPos(void); /1 Gets new nmeasured position for notor
void Cal cError(void); /1 Cal cul ates position error

voi d Cal cPI D(voi d); /1 Cal cul ates new PWM duty cycle

voi d UpdTraj (void); /1 Cal cul ates new comranded position
voi d SetupMove(void); /'l Gets new paraneters for notion profile

/Il Wites a string fromROMto the USART
voi d putrsUSART(const rom char *data);

/] ExtEEWite and Ext EERead are used to read or wite an integer value to the
/1 24C01 EEPROM

voi d Ext EEWite(unsigned char address, int data);
i nt Ext EERead(unsi gned char address);

/'l Designate servo_isr as an interrupt function and save key registers
#pragme interrupt servo_isr save = PRODL, PRODH, FSROL, FSROH
/1 Locate ISR handl er code at interrupt vector

#pragmae code i srcode=0x0008

voi d isrhandl er(voi d) /1 This function directs execution to the
{ /1 actual interrupt code

_asm

goto servo_isr

_endasm

}

#pragnae code

/1 servo_isr()
/1 Perforns the servo cal cul ations

voi d servo_isr(void)

{
SPULSE = 1; /1 Toggle output pin for ISR code timng
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UpdTr aj () ;

UpdPos() ;

Cal cError();

Cal cPl () ;

PIRlbits. TMR2I F = O;

SPULSE = O;

/1 UpdTraj ()

Il
/1
/1
/1

/1

Get new commanded position
Get new neasured position
Cal cul ate new position error

Clear Timer2 Interrupt Flag.

Toggl e output pin for ISR code timng

/1 Conputes the next required value for the next commanded notor
/'l position based on the current notion profile variables. Trapezoidal

/1 motion profiles are produced.
voi d UpdTraj (voi d)
{
if(stat.notion && !stat.saturated)
{
if(!stat. phase)
if(velact.ui[1] < vlim
vel act.ul += accel.ul;
el se
fl at count ++;
temp.ul = velact.ul;
if(velact.ui[0] == 0x8000)

{
if(!(velact.ub[2] & 0x01))

tenp. ui [ 1] ++;
el se;
}
el se

/1
/1
/1
/1
/1

/1

If in the first half of the nove.

If still below the velocity limt
Accel erate

If velocity limt has been reached,

increment flatcount.

Put velocity value into tenp
and round to 16 bits

if(velact.ui[0] > 0x8000) tenp.uil[1]++;

el se;

phaseldi st.ul -= (unsigned long)tenp.ui[1];

i f(stat.neg_nove)

position -= (unsigned |long)tenp.ui[1];

el se

position += (unsigned |ong)tenp.ui[1];

i f(phaseldist.l <= 0)
stat. phase = 1;

}

el se

{

if(flatcount) flatcount--;

el se

if(velact.ul)
{
vel act.ul -= accel.ul;

if(velact.i[1] < 0)

/1
/1
/1

/1
/1

/1

/1

I f phaseldist is negative
first half of the nove has
conpl et ed.

If in the second half of the nove,
Decrement flatcount if not O.

I f commanded vel ocity not O,

Decel erate
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velact.l =0
}
el se Il else
if(dtime) dtime--; /'l Decrenent delay tine if not O.
el se
{
stat. motion = O; /'l Move is done, clear notion flag
position = fposition;
}
}
temp.ul = velact.ul; /1 Put velocity value into tenp

/1 and round to 16 bits
if(velact.ui[0] == 0x8000)

{
if(!l(velact.ub[2] & 0x01))
tenp. ui [ 1] ++;
el se;
}
el se

if(velact.ui[0] > 0x8000) tenp.uil1l]++;

el se;
i f(stat.neg_nove) /1 Update comanded position
position -= (unsigned long)tenp.ui[1];
el se
position += (unsigned long)tenp.ui[1];
}
} /1 END if (stat.notion)
el se
{
if(stat.run & !stat.notion) /1 1f motion stopped and profile
{ /1 running, get next segment nunber
i f(segnum < firstseg) segnum = firstseg;
i f (segnum > | ast seg)
{
segnum = firstseg; /1l Clear run flag if loop flag not set.
if(!stat.loop) stat.run = O;
}
el se
{
Set upMove(); /] Get data for next notion segnent.
segnumt+; /'l 1 ncrenent segment nunber.
}
}
el se;
}
}
e LR TR

/] SetupMove()
/'l Gets data for next notion segnment to be executed

voi d SetupMove(voi d)
{
i f(segnum < 12) Il CGet profile segment data from
{ /1 data nenory.
phaseldist.i[0] = segment1[segnun][DI ST];
vlim = segnent 1] segnum [ VEL];
accel .i[0] = segnent1[segnum [ ACCEL];
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dtime = segment 1[ segnuni [ Tl ME];
}
el se if(segnum < 24)
{
phaseldi st.i[0] = segnent2[segnum - 12][DI ST];
vlim = segnent2[ segnum - 12][ VEL];
accel .i[0] = segment2[segnum - 12][ ACCEL];
dtine = segment2[ segnum - 12] [Tl ME];

}
phaseldi st.b[2] = phaseldist.b[1]; /] Rotate phaseldi st one byte
phaseldi st.b[1] = phaseldist.b[0]; /1 to the left.
phaseldi st.b[0] = O;
i f (phaseldist.b[2] & 0x80) /1 Sign-extend val ue
phaseldi st.b[3] = Oxff;
el se
phaseldi st.b[3] = 0;
accel .b[3] = 0; /! Rotate accel one byte to
accel .b[2] = accel.b[1]; /1 the left
accel .b[1] = accel.b[O0];
accel .b[0] = O;
tenp.| = position;
if(temp.ub[0] > Ox7f) /1 A fractional value is |left
tenp.|l += 0x100; /1 over in the 8 LShits of
tenp.ub[0] = O; /] position, so round position
// variable to an integer value
position = tenp.|; /] before conmputing final nove
/1 position.
fposition = position + phaseldist.l; // Conpute final position for
/1 the nove
i f (phaseldist.b[3] & 0x80) /1 1f the nove is negative,
{
stat.neg_nove = 1, /1 Set flag to indicate negative
phaseldi st.| = -phaseldist.|; /'l move.
}
el se stat.neg_nove = 0; // Clear flag for positive nove
phaseldist.| >>= 1; /'l phaseldi st hol ds total
/1 move distance, so divide by 2
velact.l = 0; /1 C ear commanded velocity
flatcount = O; /1 Cear flatcount
stat. phase = 0; I/l Cear flag:first half of nove
if(accel.l && vlim
stat.motion = 1; /1 Enabl e notion
}
e e T T

/1 UpdPos()
/]l Gets the new neasured position of the notor based on val ues
/1 accunulated in TimerO and Timerl

voi d UpdPos(voi d)
{

/1 Od timer values are presently stored in UpCount and DnCount, so
/1 add theminto result now.

mvel ocity = DnCount;
mvel ocity -= UpCount;

/1 Wite new tinmer values into UpCount and DnCount vari abl es.
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UpCount
DnCount

= ReadTinmer0();
= ReadTimer1();

/1 Add new count values into result.

mvel ocity += UpCount;
mvel ocity -= DnCount;

/1 Add nmeasured velocity to nmeasured position to get new notor
/] measured position.

nposition += (long)nvelocity << 8;

/1 Cal cError()
/] Cal cul ates position error and limts to 16 bit result

e R e T T T
voi d Cal cError(void)
{
tenp.| = position; /] Put commanded pos. in tenp
temp. b[0] = O; /'l Mask out fractional bits
u0.1 = nposition - tenp.l; /1 CGet error
u0.b[0] = u0.b[1]; /1 fromdesired position and
u0. b[ 1] = u0.b[2]; /'l shift to the right to discard
u0. b[2] = u0.b[3]; /] lower 8 bits.
if (u0.b[2] & 0x80) /1 1f error is negative.
u0. b[ 3] = Oxff; /1l Sign-extend to 32 bits.
if((u0.ui[1] '= Oxffff) || !(u0.ub[1l] & 0x80))
{
u0. ui[1] = Oxffff; /1 Limt error to 16-bits.
u0. ui [0] = 0x8000;
}
el se;
}
el se /1 1f error is positive.
{
u0. b[ 3] = 0x00;
if((u0.ui[1] != 0x0000) || (u0.ub[1l] & 0x80))
{
u0. ui [1] = 0x0000; /1 Limt error to 16-bits.
u0.ui [0] = Ox7fff;
}
el se;
}
}
R R e T T T
/1 Cal cPl D()

/] Cal cul ates PI D conpensator algorithmand determ nes new val ue for
/1 PWM duty cycle

e e LR T R
voi d Cal cPlI D(voi d)

{

ypid.i[0] = u0.i[0]*kp; /] Cal cul ate proportional term
ypi d.ub[ 2] = AARGB1; /] Get upper two bytes of 16 x 16
ypi d. ub[ 3] = AARGBO; /1 multiply routine.
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if(!stat.saturated) /1 If output is not saturated,
integral += u0.i[0]; /1 add present error to integral
/'l val ue.
if(ki) /1 If integral value is not O,
{
tenp.i[0] = integral *ki;// calculate integral term
tenp. ub[ 2] = AARGBL; /] Cet upper two bytes of 16 x 16
tenp. ub[ 3] = AARGBO; /1l multiply routine.
ypid.l += temp.|; /1 Add multiply result to ypid.
}
i f(kd) /1 If differential termis not O,
{
temp.i[0] = nmvelocity*kd;// calculate differential term
tenp. ub[ 2] = AARGBL; /] Cet upper two bytes of 16 x 16
t enp. ub[ 3] = AARGBO; /1 multiply routine.
ypid.l += tenp.|; /1 Add nultiply result to ypid.
}
if(ypid.ub[3] & 0x80) /1 If PIDresult is negative
{
if((ypid.ub[3] < Oxff) || !(ypid.ub[2] & 0x80))
{
ypid.ui[1] = Oxff80; // Limt result to 24-bit value
ypi d. ui [0] = 0x0000;
}
el se;
}
el se /1 If PIDresult is positive
{
if(ypid.ub[3] || (ypid.ub[2] > 0x7f))
{
ypid.ui[1] = 0x007f; // Limt result to 24-bit value
ypid.ui[0] = Oxffff;
}
el se;
}
ypid.b[0] = ypid.b[1]; /1 Shift PIDresult right to
ypid.b[1] = ypid.b[2]; /'l get upper 16 bits.
stat.saturated = O; /'l Clear saturation flag and see
if(ypid.i[0] > 500) /1 if present duty cycle output

/] exceeds limts.
ypid.i[0] = 500;
stat.saturated = 1;

}

if(ypid.i[0] < -500)
{
ypid.i[0] = -500;
stat.saturated = 1;

}
ypid.i[0] += 512; /1 Add offset to get positive
/1 duty cycle value.
Set DCPWML(ypid.i[0]); // Wite the new duty cycle.
}
L e LR T PP

/1 Setup() initializes programvariables and peripheral registers

voi d Setup(void)

0 2000 Microchip Technology Inc. Prelimi nary

DS00696A-page 21


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

ANG96

{

firstseg = 0O; /1 Initialize notion segnent
| astseg = O; /1 vari abl es

segnum = 0;

paraneter = O; /1 Motion segment paraneter#
i =0; /'l Receive buffer index
contount = O; /1 I nput command i ndex

udata = 0; /1 Hol ds USART received data
stat. phase = 0; /Il Set flags to O.

stat.saturated = O;
stat.nmotion = 0;
stat.run = 0;
stat.loop = 0;
stat.neg_nove = 0;

dtime = 0;
integral = 0;
vlim= 0;
mvelocity = 0;
DnCount = 0;
UpCount = 0O;
tenmp.l = 0;

accel .l =0

u0.l = 0;

ypid.l = 0;
velact.l = 0;
phaseldist.| = 0;
position = 0;
mposition = 0;
fposition = O;
flatcount = O;
udata = 0;
menset (i npbuf, 0, 8); /'l clear the input buffer

/1 Setup A/D converter
OpenADC( ADC_FOSC 32 & ADC LEFT JUST & ADC_1ANA OREF,
ADC_CHO & ADC_I| NT_OFF);

OpenPWML( Oxff); /'l Setup Timer2, CCPl to provide
/1 19.53 Khz PW @ 20MHz

OpenTimer2(T2_PS 1 1 & T2_POST_1_10 & TIMER I NT_ON);

Set DCPWML( 512) ; /1 50%initial duty cycle
Enabl ePul | ups(); /1 Enabl e PORTB pul | ups
PORTC = 0; /1 Clear PORTC

PORTD = O; /1 Cl ear PORTD

PORTE = 0x00; /1 O ear PORTD

TRI SC = Oxdb; /1

TRI SD = 0; /1 PORTD al |l outputs.

TRI SE = 0; /1 PORTE all outputs.

/1 Setup the USART for 19200 baud @ 20MHz

SPBRG = 15; /1 19200 baud @ 20MHz
TXSTA = 0x20; /] setup USART transmt
RCSTA = 0x90; /'l setup USART receive

put r sSUSART( "\ r\ nPI C18C452 DC Servonotor");
put r SUSART( r eady) ;

Openl 2C( MASTER, SLEW OFF) ; /1 Setup MSSP for master |2C
SSPADD = 49; /1 100KHz @ 20MHz

kp = Ext EERead(122); /'l CGet PID gain constants

ki = 0; /1l from data EEPROM
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kd = Ext EERead(126);

TMROL
TMVROH
TMRIL
TMR1LH

/1 Cear tinmers.

no
eeee

OpenTi mer O( TI MER_| NT_OFF & TO_16BI T & TIMER | NT_OFF & TO_EDGE_RI SE &
TO_SOURCE_EXT & TO_PS_1_1);

OpenTi mer 1( TI MER_| NT_OFF & T1_SOURCE_EXT & T1_16BI T_RW & TI MER | NT_OFF
& T1 PS 1 1 & T1_SYNC EXT_ON & T1_OSCLEN OFF );

// Load notion profile data for segments 1 through 12 from
/] data EEPROM

for(segnume0; segnum < 12; segnumt+)

{
for (paraneter=0; paraneter < 4; paraneter ++)
{
eeadr = (segnum << 3) + (paranmeter << 1);
segnent 1] segnuni [ paranet er] = Ext EERead(eeadr);
}
}
segment 2[ 0] [ DI ST] = 29500; /1 Mtion profile data for segnments
segnent 2[ 0] [ VEL] = 4096; /1 13 through 24 are | oaded into RAM
segment 2[ 0] [ ACCEL] = 2048; /1 from program nenory

segment 2[ O] [ TI ME] = 1200;

segment 2[ 1] [ DI ST] = -29500;
segment 2[ 1] [ VEL] = 1024;
segnent 2[ 1] [ ACCEL] = 512;
segment 2[ 1] [ TI ME] = 1200;

segnent 2[ 2] [ DI ST] = 737,
segment 2[ 2] [ VEL] = 4096;
segment 2[ 2] [ ACCEL] = 2048;
segnent 2[ 2] [ TI ME] = 1200;

segment 2[ 3] [ DI ST] = 737;
segnent 2[ 3] [ VEL] = 4096;
segnent 2[ 3] [ ACCEL] = 2048;
segment 2[ 3] [ TI ME] = 1200;

segnent 2[ 4] [ DI ST] = 738;
segment 2[ 4] [ VEL] = 4096;
segnent 2[ 4] [ ACCEL] = 2048;
segnent 2[ 4] [ TI ME] = 1200;

segnent 2[ 5] [ DI ST] = 738;
segnent 2[ 5] [ VEL] = 4096;
segment 2[ 5] [ ACCEL] = 2048;
segnent 2[ 5] [ TI ME] = 1200;

segment 2[ 6] [ DI ST] = -2950;
segnent 2[ 6] [ VEL] = 1024,
segnent 2[ 6] [ ACCEL] = 128;
segnent 2[ 6] [ TI ME] = 1200;

segnent 2[ 7] [ DI ST] = 2950;
segment 2[ 7] [ VEL] = 256;
segnent 2[ 7] [ ACCEL] = 64,
segnent 2[ 7] [ TI ME] = 1200;

segnent 2[ 8] [ DI ST] = -2950;
segnent 2[ 8] [ VEL] = 4096;
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segnent 2[ 8] [ ACCEL] = 512;
segment 2[ 8] [ TI ME] = 1200;

segment 2[ 9] [ DI ST] = 29500;
segment 2[ 9] [ VEL] = 1024;
segnent 2[ 9] [ ACCEL] = 512;
segment 2[ 9] [ TI ME] = 1200;

segnent 2[ 10] [ DI ST] = 29500;
segment 2[ 10] [ VEL] = 2048;
segnent 2[ 10] [ ACCEL] = 512;
segnent 2[ 10] [ TI ME] = 1200;

segment 2[ 11] [ DI ST] = 29500;
segnent 2[ 11] [ VEL] = 4096;
segment 2[ 11] [ ACCEL] = 1024;
segment 2[ 11] [ TI ME] = 1200;

i f (MODEL) /] Check DI P switches at powerup
stat.loop = 1; /1 If SWM is on, set for |oop node
i f ( MODE2) /1 1f SW is on, execute
{ /1 segments 12 and 13

firstseg = 12;
| astseg = 13;
segnum = 12;

stat.run = 1;

}
el se if(MODE3) /1 If SWB is on, execute
{ /'l segments 14 through 18

firstseg = 14;
| astseg = 18;
segnum = 14;
stat.run = 1;

}
el se if( MODE4) /1 1f SWt is on, execute
{ /1 segnments 18 and 19
firstseg = 18;
| astseg = 19;

segnum = 18;
stat.run = 1,

}
el se;
| NTCONbi ts. PEIE = 1; /1 Enabl e peripheral interrupts
INTCONbits. G E = 1; /1 Enable all interrupts
}
L e e T T T T
/1 main()
e LT TP

voi d mai n(voi d)

{
Set up(); /1 Setup peripherals and software
/] variables.
whi | e(1) /'l Loop forever
{
Crwit(); /1l Clear the WT
Convert ADC() ; /1 Start an A/ D conversion
whi | e( BusyADC() ) ; /1 Wait for the conversion to conplete
PORTD = 0; /'l Clear the LED bargraph display.
PORTE&= 0x04; /1 "
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i f (ADRES > 225)

{

PORTE | = 0x03; /1

PORTD = Oxff;

}
i f (ADRES > 200)

{

PORTE | = 0x01; /1

PORTD = Oxff;

}
el se i f(ADRES > 175) PORTD = Oxff;//
el se i f(ADRES > 150) PORTD = Ox7f;//
el se i f(ADRES > 125) PORTD = 0x3f;//
el se i f(ADRES > 100) PORTD = Ox1f;//
el se i f(ADRES > 75) PORTD = 0xOf; //
el se i f(ADRES > 50) PORTD = 0x07; //
el se i f(ADRES > 25) PORTD = 0x03; //
el se if(ADRES > 0) PORTD = 0x01; //

el se;

i f(PIRLbits. RO F)

{
swi tch(udata = RCREQ

{

case ',':

Turn on 10 LEDS

Turn on 9 LEDS

Turn on 8 LEDS
7 LEDS
6 LEDS
5 LEDS
4 LEDS
3 LEDS
2 LEDS
1 LED

/1 Check for USART interrupt

case 0x0d:

defaul t:

DoCommand() ;

nmemnset (i npbuf, 0, 8);
i =0;

conctount ++;

TXREG = udat a;

br eak;

DoCommand() ;

nenset (i npbuf, 0, 8);
i = 0;

conctount = O;
segnum = O;
paraneter = 0,

put r sSUSART( r eady) ;
br eak;

inpbuf[i] = udata;
i ++;
if(i >7)

{
put r sUSART( r eady) ;
nmemnset (i npbuf, 0, 8);
i = 0;
}

el se TXREG = udat a;

br eak;

/] process the string

/'l clear the input buffer
/1 clear the buffer index
/1 increnent conma count

/'l echo the character

/] process the string

/1l clear the input buffer
/1 clear the buffer index
/1 clear comma count

/1 clear segment nunber
/'l clear paranater

/1 put pronpt to USART

/'l get received char

/1 increment buffer index
/1 1f nmore than 8 chars

/'l received before getting
/1 a <CR>, clear input

/'l buffer

/1 the buffer index

/'l echo character
/1

/1 end switch(udata)

/lend if(RCF)
/1end while(1)

/1 DoComrand()
/'l Processes incom ng USART dat a.

e

voi d DoConmmand( voi d)
{
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i f(concount == 0) /1 If this is the first parameter of the input
{ /1 comand. ..
swi tch(i npbuf[0])

case ' X : paranmeter = DI ST; /1 Segment distance change
br eak;
case 'V : parameter = VEL; /1 Segment velocity change

br eak;

ACCEL; /1 Segment accel eration change

case ' A : paraneter

br eak;

case 'T': parameter = TIME /1 Segrment delay time change
br eak;

case 'P': paranmeter = 'P'; /1 Change proportional gain
br eak;

case '|’: parameter = "1"; /1 Change integral gain
br eak;

case 'D : parameter = 'D; /'l Change differential gain
br eak;

case 'L’: parameter = 'L’; /'l Loop a range of segments
br eak;

case 'S :stat.run = 0; /] Stop execution of segments
br eak;

case 'G: parameter = 'G; /| Execute a range of segnents
br eak;

case 'W: i f (PORTEbi ts. RE2) /1 Enable or disable notor
{ /1 driver IC
put r sUSART( "\ r\ nPWM On") ;
PORTEbi ts. RE2 = O;

el se
{
put r sSUSART("\r\ nPWM O f ") ;
PORTEbi ts. RE2 = 1;

br eak;
default: if(inpbuf[0] !="\0")
{
put r sUSART(error);
}
br eak;
}
}
el se if(concount == 1) /1 1f this is the second paraneter of the
{ /1 input comrand.
i f(parameter < 4) segnum = atob(i npbuf);
el se

swi t ch( paraneter)

case 'P': kp = atoi (inpbuf); /1 proportional gain change
Ext EEWite(122, kp); // Store value in EEPROM
br eak;

case '|’: ki = atoi(inpbuf); /'l integral gain change
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Ext EEWite(124, ki); // Store value in EEPROM

br eak;

case 'D : kd = atoi (inpbuf);

/1 differential

gai n change

Ext EEWite(126, kd); // Store value in EEPROM

br eak;

case 'G: firstseg = atob(inpbuf);
br eak;

Il Get the first segment in
/'l the range to be executed.

case 'L': firstseg = atob(inpbuf);
br eak;

defaul t: break;

}
}
el se if(contount == 2)
{
if(!stat.run) /1 If no profile is executing
{
i f(paranmeter < 4) /1 If this was a segment paraneter
/'l change.
i f(segnum < 12)
{
/'l Wite the segment paramater into data nmenory
segnent 1[ segnunj [ paraneter] = atoi (i npbuf);
/1 Comput e EEPROM address and wite data to EEPROM
eeadr = (segnum << 3) + (paraneter << 1);
Ext EEWite(eeadr, segnentl[segnumi[paranmeter]);
}
el se if(segnum < 24)
/'l Wite segnent paranmeter data into data nmenory
segnent 2[ segnum - 12] [ paraneter] = atoi (i npbuf);
}
el se switch(paraneter)
{
case 'G: lastseg = atob(inpbuf); /'l Get value for
segnhum = firstseg; /'l last segnment.
stat.loop = 0;
stat.run = 1; /1 Start profile.
br eak;
case 'L’: lastseg = atob(inpbuf); /'l Get value for
segnhum = firstseg; /'l last segment.
stat.loop = 1; /] Enabl e | oopi ng
stat.run = 1; /1 Start profile
br eak;
defaul t: break;
}
}
}
el se;
}
e e R R

/1 ExtEEWite()

/1l Wites an integer value to an EEPROM connected to the |2C bus at

/1 the specified |ocation.

e
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voi d Ext EEWite(unsi gned char address, int data)
{

uni on

{

char b[2];
int i;

}

t enp;

char error, retry;

tenp.i = data;
error = 0;
retry = 10; /1 Poll the EEPROM up to 10 times
do
{
error = EEAckPol i ng(0xAO0);
retry--;

} while(error & retry > 0);

retry = 10; /] Attenpt to wite |low byte of data
do /1 up to 10 tines

{

error = EEByteWite(0xA0, address, tenp.b[0]);

retry--;

} while(error && retry > 0);

retry = 10; /1 Poll the EEPROM up to 10 tines
do

{

error = EEAckPol i ng( 0xAOQ);

retry--;

} while(error & retry > 0);

retry = 10; /] Attenpt to wite high byte of data
do /1 up to 10 tines

{

error = EEByteWite(0xAO, address + 1, tenp.b[1]);

retry--;

} while(error && retry > 0);

/1 ExtEEWIite()
/'l Reads an integer value froman EEPROM connected to the |2C bus at
/1 the specified |ocation.

i nt Ext EERead(unsi gned char address)
{

uni on

{

char b[2];
int i;

}

dat a;

uni on

{

char b[2];
int i;

}

tenp;
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char retry;

retry = 10; /] Attenpt to read | ow byte of data
do /1 up to 10 tines

{

tenp.i = EERandonRead(0xAO, address);

retry--;

} while(tenp.b[1l] && retry > 0);

if(tenp.b[1]) data.b[0] = 0;// Make read result 0 if error
el se data.b[0] = tenmp.b[0];// Otherw se get the |ow byte of data

retry = 10; /1 Attenpt to read high byte of data
do /] up to 10 tines

{

tenp.i = EERandonRead(O0xAO, address + 1);

retry--;

} while(tenp.b[1] && retry > 0);

if(tenp.b[1]) data.b[1l] = O; /1 Make read result O if error

el se data.b[1] = tenp.b[O0]; /1 Otherw se get the high byte of data
return data.i;

}

e R LR T

/1 putrsUSART()
/Il Wites a string of characters in programnmenory to the USART

e R T T
voi d putrsUSART(const rom char *data)
{
do
whi | e(! (TXSTA & 0x02));
TXREG = *dat a;
} while( *datat++ );
}
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APPENDIX B:

/1
/1 File:16not877.cC
/1

PIC16F877 SERVOMOTOR SOURCE CODE

/1 Witten By: Stephen Bowl ing, Mcrochip Technol ogy

/1

/1 This code inplenments a brush-DC servonotor using the Pl CL8F877 MCU.

/1 The code was conpiled using the H Tech PICC conpliler ver. 7.85.
/1
/1 The following files should be included in the MPLAB project:
/1
I/ 16npt 877.c-- Main source code file
/1
e e T T T
#i nclude <pic. h>
#i nclude <string. h>
#i ncl ude <ctype. h>
#i ncl ude <math. h>
#include <stdlib. h>
#i ncl ude <stdio. h>
R R e T R T
/] Constant Definitions
e e T T
#define DI ST 0 /1 Array index for segment distance
#define VEL 1 /1l Array index for segnent vel. limt
#define ACCEL 2 /1 Array index for segment accel.
#define TIME 3 /1 Array index for segment delay tine
#define |INDEX RBO /'l Input for encoder index pulse
#define NLIM RB1 /1 Input for negative limt switch
#define PLIM RB2 /1 Input for positive limt switch
#define GPI RB3 /'l General purpose input
#define MODE1 |RB4 /1 DIP switch #1
#define MODE2 | RB5 /1 DIP switch #2
#define MODE3 ! RB6 /1 DIP switch #3
#define MODE4 | RB7 /1 DIP switch #4
#define SPULSE RC5 /1 Software timng pul se output
#define ADRES ADRESH /'l Redefine for 10-bit A/ D converter
#define KP 250
#define Kl 252
#define KD 254
e R T T T
/'l Variable declarations
e e L
const char ready[] = "\n\rREADY>";
const char error[] = "\n\rERROR! ";
char inpbuf[8];
char tenpch, UpCount;
unsi gned char
eeadr,
firstseg,
| ast seq,
segnum
par anet er,
i, /1 index to ASCII buffer
contount, /] index to input string

/'l received character from USART

udat a
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struct {
unsi gned phase:
unsi gned neg_nove:
unsi gned nmot i on:
unsi gned saturated:
unsi gned bit4:
unsi gned bit5:
unsi gned run:
unsi gned | oop:

} stat ;

uni on | NTVAL
{

int i;

char b[2];
b

uni on LNG

{

long |;

unsi gned | ong ul;
int i[2];

unsigned int ui[2];
char b[4];

unsi gned char ub[4];

}s

bankl uni on LNG
accel ,

t enp,

uO,

ypi d,

vel act,

phaseldi st

bankl i nt

dti e,
integral,

kp, ki, kd,
vlim velcom
mvel ocity,
DnCount

bankl | ong
posi tion,

nmposi tion,
f posi tion,
flatcount;

bank2 int segnent 1] 12][4];

bank3i nt segnent 2[ 12] [ 4] ;

/1 Function Prototypes

interrupt void servo_isr( void);
voi d putrsUSART( const

voi d DoConmand(voi d);

voi d Setup(void);
voi d UpdPos(void);
voi d UpdTraj (void);

void Cal cError(void);

char *data);

/1
/1
/1
/1

/1

/1

/1
/1
/1

/1

/1
/1

hol ds status bits for
first half/ second half of profile
backwards rel ative nove

servo output is saturated

Segnent delay tine

PI D gain constants

Conmanded position.

Actual neasured position.
Originally commanded position.

Hol ds # of sanple periods for which the

velocity limt was reached in first

array in bank2 for
array in bank3 for

hal f of the nove.

12 notion segnents
12 notion segnents
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voi d Cal cPlI D(voi d);

voi d SetupMove(void);

voi d EEDat Wi te(unsigned char address, int data);
i nt EEDat Read(unsi gned char address);

/1 servo_isr()
/1 Perforns the servo cal cul ations

e LR e e TR T
interrupt void servo_isr(void)

{

SPULSE = 1; /1 Toggle output pin for ISR code timng
UpdTraj (); /'l Get new conmanded position

UpdPos() ; /1 Get new neasured position

Cal cError(); /1 Cal cul ate new position error

Cal cPI IX();

TMR2I F = 0; // Clear Tinmer2 Interrupt Flag.

SPULSE = O; /1 Toggle output pin for ISR code timng
}

e e R T T T

/1 UpdTraj ()

/1 Computes the next required value for the next commanded notor

/] position based on the current notion profile variables. Trapezoi dal
/1 motion profiles are produced.

voi d UpdTraj (voi d)

{
if(stat.notion & !stat.saturated)
{
i f(!stat. phase) /1 1f in the first half of the nove.
{
if(velact.ui[1] < vlim /1 If still belowthe velocity limt
vel act.ul += accel.ul; /'l Accelerate
el se /1 1f velocity limt has been reached,
fl atcount ++; /'l increnment flatcount.
tenmp.ul = velact.ul; /1 Put velocity value into tenp

/1 and round to 16 bits
if(velact.ui[0] == 0x8000)

{
if(!(velact.ub[2] & 0x01))
tenp. ui [ 1] ++;
el se;
}
el se

if(velact.ui[0] > 0x8000) tenp.uil[1]++;
el se;

phaseldi st.ul -= (unsigned long)tenp.ui[1];

i f(stat.neg_nove)

position -= (unsigned |long)tenp.ui[1];
el se

position += (unsigned long)tenp.ui[1];

i f(phaseldist.l <= 0) /1 1f phaseldist is negative
/1 first half of the nmove has
stat. phase = 1; /'l conpl et ed.
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}
el se
{
if(flatcount) flatcount--;
el se
if(velact.ul)
{
vel act.ul -= accel.ul;

if(velact.i[1] < 0)
velact.l = 0;

}

el se

if(dtine) dtine--;

el se
{
stat.motion = 0;
position = fposition;

}
}
temp.ul = velact.ul;
if(velact.ui[0] == 0x8000)
{
if(!(velact.ub[2] & 0x01))
tenp. ui [ 1] ++;
el se;
}
el se

/1
/1

/1

/1

/1

/1

/1

/1
/1

If in the second half of the nove,

Decrement flatcount if not O.

I f commanded vel ocity not O,

Decel erate

el se

Decrenment delay time if not O.

Move is done, clear notion flag

Put velocity value into tenp
and round to 16 bits

if(velact.ui[0] > 0x8000) tenp.uil[1l]++;

el se;

i f(stat.neg_nove)

/1

Updat e conmanded position

position -= (unsigned |long)tenp.ui[1];

el se

position += (unsigned long)tenp.ui[1];

}
}

el se

{

if(stat.run && !stat.notion)

{

/1

/1
/1

END i f (stat.notion)

If nmotion stopped and profile
runni ng, get next segment numrber

i f(segnum < firstseg) segnum = firstseg;

i f(segnum > | ast seq)

{

segnum = firstseg;

/1

if(!stat.loop) stat.run = 0;

}

el se
{
Set upMove();
segnumt+;
}

}

el se;

/1
/1

Clear run flag if loop flag not set.

Get data for next notion segnent.
I ncrenent segnent nunber.
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/1 SetupMove()

/'l Cets data for next
voi d SetupMove(voi d)
{

i f(segnum < 12)

{

phaseldist.i[0] =
vlim= segment 1] segnuni [ VEL];
accel .i[0] =
dtime = segment 1[ segnuni [ Tl ME];

el se if(segnum < 24)

{

/1
/1

segnent 1[ segnum [ ACCEL] ;

noti on segment to be executed

Get profile segnent data from
data nmenory.

segnent 1[ segnuni [ DI ST] ;

phaseldist.i[0] = segment2[segnum - 12][Dl ST];
vlim = segnent2[ segnum - 12][ VEL];

accel .i[0] = segment2[segnum - 12][ ACCEL];
dtine = segment2[ segnum - 12] [Tl ME];

}

phaseldi st.b[2] = phaseldist.b[1];
phaseldi st. b[1] = phaseldist.b[0];

phaseldi st.b[0] = O;
i f (phaseldist.b[2] & 0x80)
phaseldi st.b[3] = Oxff;

el se
phaseldi st.b[3] = 0;

accel .b[3] = 0;
accel .b[2] = accel.b[1];
accel . b[1] = accel.b[O0];
accel .b[0] = O;
tenp.| = position;
if(temp.ub[0] > Ox7f)
tenp.|l += 0x100;
tenp.ub[0] = O;
position = tenp.|;
fposition = position + phaseldist.|;

i f (phaseldist.b[3] & 0x80)

stat.neg_nove = 1,

phaseldi st.| = -phaseldist.|;
}

el se stat.neg_nove = 0;

phaseldist.| >>= 1,

velact.l = 0;

flatcount = O;

stat. phase = 0;

if(accel.l && vlim

stat.motion = 1;

}

/1
/1

/1
/1

/1

/1
/1
/1
/1
/1
/1
/1

/1
/1

/1

Rot at e phaseldi st
to the left.

one byte

Si gn-extend val ue

Rot at e accel
the left

one byte to

A fractional value is |left
over in the 8 LShits of
position, so round position
variable to an integer value

before conputing final nove
posi tion.

Conpute final position for
the nove

If the nove is negative,

Set flag to indicate negative
nove.

Clear flag for positive nove
phaseldi st holds total

nove di stance, so divide by 2
Cl ear commanded vel ocity

Cl ear flatcount
Clear flag:first half of nove

Enabl e notion
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voi d UpdPos(voi d)

{
mvel ocity = DnCount; /'l Get old DnCount val ue
tenp. b[ 0] = TMRLL; /1 Read Tinerl
tenp. b[1] = TMR1H;
if(TMRIL < tenp.b[0]) /1 If a rollover occurred, read
{ /1 Timerl again.
tenp. b[ 0] = TMRLL;
tenp.b[1] = TMR1H;
}
DnCount = tenp.i[0]; // Store timer value in DnCount
mvel ocity -= DnCount; /1 Subtract new value from
/1 measured velocity
tenmpch = - UpCount; /1 Put old UpCount value in
/] tenporary variable.
UpCount = TMRO; /1 Read TinmerO

tenmpch += UpCount;

if(tenpch > 0)

mvel ocity += (int)tenpch;
el se

mvel ocity -= (int)(tenpch);

nposition += (long)(nvelocity << 8); // Update neasured position

/1 Cal cError()
/1 Calculates position error and limts to 16 bit result

e R T R T
voi d Cal cError(void)
{
u0.1 = nposition - position, Il Get error
u0. b[0] = u0.b[1]; /1
u0. b[1] = u0.b[2]; /1 shift to the right to discard
u0. b[2] = u0. b[3]; /1 lower 8 bits.
if (u0.b[2] & 0x80) /1 If error is negative.
{
u0. b[3] = Oxff; /1 Sign-extend to 32 bits.
if((uo.i[1] '=oOxffff) || !(u0.b[1l] & 0x80))
{
u0.ui [1] = Oxffff; // Limt error to 16-bits.
u0. ui [0] = 0x8000;
}
el se;
}
el se /1 If error is positive.
{

u0. b[ 3] = 0x00;

if((u0.i[1] !'= 0x0000) || (u0.b[1] & 0x80))

u0.ui [1] = 0x0000; /] Limt error to 16-bits.
u0. ui [0] = Ox7fff;
}
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/1 Cal cPl DY)

/1 Cal cul ates PID conpensator al gorithm and determ nes new val ue for

/1 PWM duty cycle

e

voi d Cal cPlI D(voi d)

{
ypid.l = (long)uO.i[0]*(long)kp; I/
/1
if(!stat.saturated) /1
integral += u0.i[0]; /1
/1
if(ki) /1
ypid.l += (long)integral *(long)Kki; I/
i f(kd) /1
ypid.l += (long)mvel ocity*(long)kd; //
if(ypid.b[3] & 0x80) /1
{
if((ypid.b[3] < Oxff) || !'(ypid.b[2]
{
ypi d.ui[1] = Oxff80; /1
ypi d. ui [0] = 0x0000;
}
el se;
}
el se /1
{
if(ypid.b[3] || (ypid.b[2] > O0x7f))
{
ypid.ui[1] = 0x007f; I/
ypid.ui[0] = Oxffff;
}
el se;
}
ypid.b[0] = ypid.b[1]; /1
ypid.b[1] = ypid.b[2]; /1
stat.saturated = 0; I/
if(ypid.i[0] > 500) /1
{ /1
ypid.i[0] = 500;
stat.saturated = 1;
}
if(ypid.i[0] < -500)
{
ypid.i[0] = -500;
stat.saturated = 1;
}
ypid.i[0] += 512; I/
ypid.i[0] <<= 6; /1
/1
CCPRIL = ypid.b[1]; I/
/1
/1
/1

If proportional gain is not O,
cal cul ate proportional term
If output is not saturated,
add present error to integral
val ue.

If integral value is not O,
calculate integral term

If differential termis not O,
calculate differential term

If PIDresult is negative
& 0x80))
Limt result to 24-bit value

If PIDresult is positive

Limt result to 24-bit val ue

Shift PIDresult right to
get upper 16 bits.

Clear saturation flag and see
if present duty cycle output
exceeds limts.

Add offset to get positive
duty cycle and shift left to
get 8 Msb’s in upper byte.

Wite upper byte to CCP register
to set duty cycle.

Set 2 LSb's of duty cycle in
CCP1CON regi ster.
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if(ypid.b[0] & 0x80) CCP1X
el se CCP1X = 0;
if(ypid.b[0] & 0x40) CCPlY
el se CCP1lY = 0;

TMR2I F
SPULSE =

0,

I
e

/1

Clear Timer2 Interrupt Flag.

/1 Setup() initializes programvariables and peripheral registers

voi d Setup(void)
{

firstseg = 0;

| astseg = O;
segnum = O;
paranmeter = 0;

i =0;

contount = O;
udata = 0;

stat. phase = 0;
stat.saturated = 0;
stat. motion = 0;
stat.run = 0;
stat.loop = O;
stat.neg_nove = 0;
dtinme = 0;

integral = 0;
vlim= 0;

vel com = 0;

mvel ocity
DnCount =
UpCount =
temp.l = 0;

accel .| = 0;

u0.l = 0;

ypid.l = 0;

velact.l = 0;
phaseldist.| = 0;
position = 0;

nmposi tion = position;
fposition = position;
flatcount = O;

0,

oo

menset (i npbuf, 0, 8);
udat a = RCREG
udata = RCREG
RCREG = 0;

udata = O;

SPBRG = 15;
TXSTA = 0x20;
RCSTA = 0x90;
SSPADD = 49;
SSPSTAT = 0;
SSPCON2 = 0;
SSPCON = 0x28;
PR2 = Oxff;
T2CON = 0x4c;
CCPRL1L = Ox7f;

/1
/1

/1
/1
/1

/1
/1

/1

/1
/1
/1
/1

/1
/1
/1
/1
/1

Initialize notion segnent
vari abl es

Motion segnent paraneter#
Recei ve buffer index
I nput conmmand i ndex
Hol ds USART recei ved data

Initialize flags and vari abl es
used for servo cal cul ations.

clear the input buffer

19200 baud @ 20MHz

setup USART transmt
setup USART receive

Setup MSSP for master |2C
100Khz @ 20MHz

Setup Tiner2 and CCPl1 for
19. 53 Khz PWM @ 20MHz
50%initial duty cycle
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CCP1CON = 0xOf;//

TMR2I F = 0; /1

TMR2I E = 1, /1 Enable Timer2 interrupts
TMR1H = 0; /1

TMRIL = O; /1

T1CON = 0x07; /1 Enable Timerl, ext. sync. clock
TMRO = 0; /1

OPTI ON = Ox6f ; /1 Enable Tiner0

ADCON1 = 0x04; /'l Setup A/ D converter
ADCONO = 0x81; /1

PORTC = 0; /1 Clear PORTC

PORTD = 0; /1 O ear PORTD

PORTE = 0x00; /1 Cl ear PORTE

TRI SC = Oxdb; /1

TRI SD = 0; /1 PORTD all outputs

TRI SE = 0; /1 PORTE all outputs

kp = EEDat Read(KP);// Get PID gain values from

ki = 0; /] data EEPROM

kd = EEDat Read(KD);//

put r sSUSART("\ r\ nPI C16F877 DC Servonotor");
put r SUSART( r eady) ;

PEIE = 1; /1 Enable interrupts.
GE = 1, /1
}
e T TP
/1 main()
e e R T R T
mai n()
{
Set up();
for(segnum=0; segnum < 12; segnumt+) /'l Reads profile data into RAM for
{ /1 from data EEPROM
for (paranet er =0; paraneter < 4; paranet er ++)
{
eeadr = (segnum << 3) + (paraneter << 1);
segnent 1[ segnunj [ par anet er] = EEDat Read(eeadr);
}
}
segnent 2[ 0] [ DI ST] = 29500; /1 Initialize last 12 notion segments in
segnent 2[ 0] [ VEL] = 4096; /! RAMto pre-determ ned val ues for test
segnent 2[ 0] [ ACCEL] = 2048; /] purposes. This profile data is used
segnent 2[ O] [ TI ME] = 1200; /1l when a profile is selected via the DIP

/1 switches on the notor PCB.
segnent 2[ 1] [ DI ST] = -29500;
segnent 2[ 1] [ VEL] = 1024,
segment 2[ 1] [ ACCEL] = 512;
segment 2[ 1] [ TI ME] = 1200;

segnent 2[ 2] [ DI ST] = 737,
segment 2[ 2] [ VEL] = 4096;
segnent 2[ 2] [ ACCEL] = 2048;
segnent 2[ 2] [ TI ME] = 1200;

segnent 2[ 3] [ DI ST] = 737,
segnent 2[ 3] [ VEL] = 4096;
segnent 2[ 3] [ ACCEL] = 2048;
segnent 2[ 3] [ TI ME] = 1200;
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segnent 2[ 4] [ DI ST] = 738;
segnent 2[ 4] [ VEL] = 4096;
segnent 2[ 4] [ ACCEL] = 2048;
segnent 2[ 4] [ TI ME] = 1200;

segnent 2[ 5] [ DI ST] = 738;
segnent 2[ 5] [ VEL] = 4096;
segnent 2[ 5] [ ACCEL] = 2048;
segnent 2[ 5] [ TI ME] = 1200;

segnent 2[ 6] [ DI ST] = -2950;
segnent 2[ 6] [ VEL] = 1024;
segnent 2[ 6] [ ACCEL] = 128;
segnent 2[ 6] [ TI ME] = 1200;

segnent 2[ 7] [ DI ST] = 2950;
segnent 2[ 7] [ VEL] = 256;
segnent 2[ 7] [ ACCEL] = 64;
segnent 2[ 7] [ TI ME] = 1200;

segment 2[ 8] [ DI ST] = -2950;
segnent 2[ 8] [ VEL] = 4096;
segment 2[ 8] [ ACCEL] = 512;
segment 2[ 8] [ TI ME] = 1200;

segment 2[ 9] [ DI ST] = 29500;
segment 2[ 9] [ VEL] = 1024;
segnent 2[ 9] [ ACCEL] = 512;
segment 2[ 9] [ TI ME] = 1200;

segnent 2[ 10] [ DI ST] = 29500;
segment 2[ 10] [ VEL] = 2048;
segment 2[ 10] [ ACCEL] = 512;
segnent 2[ 10] [ TI ME] = 1200;

segment 2[ 11] [ DI ST] = 29500;
segnent 2[ 11] [ VEL] = 4096;
segnent 2[ 11] [ ACCEL] = 1024,
segment 2[ 11] [ TI ME] = 1200;

i f (MODEL)
stat.loop = 1;

i f (MODE2)
{
firstseg = 12;
| astseg = 13;
segnum = 12,
stat.run = 1;

el se i f( MODE3)
{
firstseg = 14;
| astseg = 18;
segnum = 14,
stat.run = 1;

}
el se if(MODE4)
{
firstseg = 18;
| astseg = 19;

segnum = 18;
stat.run = 1;

}

/1

/1
/1

If DIP switch #1 is on,

If DIP swtches #2, #3,

set for

| oopi ng node.

or #4 turned on,

execute predeternined profile from above.
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el se;
whi | e(1)
{
CLRVWDT() ;
ADGO = 1; // Start an A/ D conversion
whi | e( ADGO) ; /1 Wait for the conversion to conplete
PORTD = O0; /1 Cear the LED bargraph display.
PORTE &= 0x04; I/ "
i f (ADRES > 225)
{
PORTE | = 0x03; /1 Turn on 10 LEDS
PORTD = Oxff;
}
i f (ADRES > 200)
{
PORTE | = 0x01; /] Turn on 9 LEDS
PORTD = Oxff;
}
el se i f(ADRES > 175) PORTD = Oxff;// Turn on 8 LEDS
el se i f (ADRES > 150) PORTD = 0x7f;// 7 LEDS
el se i f(ADRES > 125) PORTD = 0x3f;// 6 LEDS
el se i f(ADRES > 100) PORTD = 0x1f;// 5 LEDS
el se i f(ADRES > 75) PORTD = 0xOf; // 4 LEDS
el se i f(ADRES > 50) PORTD = 0x07; // 3 LEDS
el se i f(ADRES > 25) PORTD = 0x03; // 2 LEDS
el se i f(ADRES > 0) PORTD = 0x01; // 1 LED
el se;
if(RCF)
{
swi tch(udata = RCREG
{
case ',’': DoCommand(); /] process the string
nmenset (i npbuf, 0, 8); /1 clear the input buffer
i =0; /'l clear the buffer index
contount ++; /1 increment comma count
TXREG = udat a; /1 echo the character
br eak;
case 0x0d: DoComrand(); /'l process the string
menset (i npbuf, 0, 8); /1 clear the input buffer
i =0; /1 clear the buffer index
contount = O; /'l clear comma count
segnum = O; /1 clear segment nunber
paraneter = O; /1 clear paramater
put r SUSART( r eady) ; /1 put pronpt to USART
br eak;
defaul t: inpbuf[i] = udata; /'l get received char
i+, /1 increment buffer index
if(i >7) /1 1f nore than 8 chars
{ /'l received before getting
putrsUSART(ready); // a <CR>, clear input
menset (i npbuf, 0,8); // buffer
i =0; /1 the buffer index
el se TXREG = udat a; /1 echo character
br eak; /1
} /1 end swtch(udata)
} /lend if(RCF)
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/1 DoConmmand()

/'l Processes incom ng USART dat a.

paranmeter = DI ST;
br eak;

parameter = VEL,;
br eak;

paraneter = ACCEL;//
br eak;

paranmeter = Tl ME
br eak;

paranmeter = 'P;
br eak;

parameter = "'1";
br eak;

paranmeter = 'D;
br eak;

parameter = 'L";
br eak;

stat.run = 0;
br eak;

. paraneter = 'G;

br eak;

i f (RE2)
{

/1
/1

/1

/1

//end while(l1)

If this is the first parameter of the input

command. . .

Segnent di stance change

Segrment vel ocity change

Segnment accel eration change

/1

/1

/1

/1

/1

/1

/1

/1
/1

Segrment del ay time change

Change proportional gain

Change integral gain

Change differential gain

Loop a range of segments

St op execution of segments

Execute a range of segnents

Enabl e or di sabl e notor
driver IC

put r SUSART( "\ r\ nPWM On") ;

RE2 = 0;
}

el se

{

put r sUSART("\ r\ nPWM OF f ") ;

RE2 = 1;
}

br eak;

if(inpbuf[0] !'="\0")
{
put r SUSART( error)

}

br eak;

voi d DoConmmand( voi d)
}{f(corrcount == 0)
iwi tch(i npbuf[0])

{
case ' X :
case 'V :
case 'A:
case 'T':
case 'P':
case '|’:
case 'D:
case 'L':
case 'S :
case 'G
case 'W:
defaul t:
}

}

el se if(contount

== 1)

1

/1

If this is the second paraneter of the

0 2000 Microchip Technology Inc.
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{

/] input command.

i f(paraneter < 4) segnum = (char) (atoi (inpbuf));

el se

swi t ch( paraneter)

case 'P': kp = atoi (inpbuf); /'l proportional gain change
EEDat Wite(KP, kp); // Store value in EEPROM
br eak;
case '|’: ki = atoi (inpbuf); /1 integral gain change
EEDat Wite(Kl, ki); // Store value in EEPROM
br eak;
case 'D: kd = atoi (inpbuf); /1 differential gain change
EEDat Wite(KD, kd); // Store value in EEPROM
br eak;
case 'G: firstseg = (char) (atoi(inpbuf));
br eak;
/] Cet the first segment in
/'l the range to be executed.
case 'L': firstseg = (char) (atoi (inpbuf));
br eak;
defaul t: break;
}
}
el se if(contount == 2)
if(!stat.run) /1 1f no profile is executing
{
i f(parameter < 4) /1 1f this was a segnent paraneter
{ /'l change.
i f(segnum < 12)
{
/'l Wite the segment paramater into data nenory
segnent 1[ segnunj [ paraneter] = atoi (i npbuf);
/1 Comput e EEPROM address and wite data to EEPROM
eeadr = (segnum << 3) + (paraneter << 1);
EEDat Wit e(eeadr, segnentl[segnumi[paraneter]);
}
el se if(segnum < 24)
/'l Wite segnent paranmeter data into data nmenory
segnment 2[ segnum - 12] [ paraneter] = atoi (i npbuf);
}
el se swi tch(paraneter)
{
case 'G: lastseg = (char)(atoi (inpbuf)); // Get value for
segnum = firstseg; /'l last segment.
stat.loop = O;
stat.run = 1; /1 Start profile.
br eak;
case 'L’': lastseg = (char)(atoi (inpbuf)); // Get value for
seghum = firstseg; /'l last segment.
stat.loop = 1; /] Enabl e | oopi ng
stat.run = 1; /] Start profile
br eak;
defaul t: break;
}
}
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el se;
}
e R R L R
/1 putrsUSART()
/1
/1 Puts a string of characters in programnmenory to the USART
L R e TR T
voi d putrsUSART(const char *data)
{
do
whi | e(! (TXSTA & 0x02));
TXREG = *dat a;
} while( *data++ );
}
e e LR R
/] EEDatWite()
/1

// Wites an integer value to the 16F877 data EEPROM nenory at
/'l the specified address.
e e T T

voi d EEDat Wite(unsigned char address, int data)

{
uni on | NTVAL tenp;

temp.i = data;

whi | e(WR) ; /1 If wite in progress, wait until done.
EEADR = addr ess; /1 Load address to be witten.
EEDATA = tenp.b[O0]; // Load data to be witten.

EEPGD = O0; /1 Point to data menory.

WREN = 1; /] Enable wites.

G E = 0; /1 Disable interrupts.

EECON2 = 0x55; /'l Required wite sequence.
EECON2 = Oxaa; I "

WR = 1; /1 Do the wite.

whi | e(WR); /1 1f wite in progress, wait until done.
EEADR++; /1 I'ncrement address.

EEDATA = tenp.b[1]; // Load data to be witten.
EECON2 = 0x55; /'l Required wite sequence.
EECON2 = Oxaa; /'l Required wite sequence.

WR = 1; /] Do the wite.

whi | e(WR); /1 Wit for wite to finish.

GE =1, /'l Reenable interrupts.

WREN = O0; /1 Disable wites.

}
e R TR
/| EEDat Read()

/1

/'l Reads an integer value as two bytes fromthe 16F877 data EEPROM at
/'l the specified address | ocation

i nt EEDat Read(unsi gned char address)

uni on | NTVAL dat a;

EEADR = address;// Load the address.
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EEPGD = O0; /1 Point to data menory.
RD = 1; /1 Do the read.

data. b[ 0] = EEDATA;// Get the data.

EEADR++; /1 Point to next address.
RD = 1; /1 Do the read.

data. b[ 1] = EEDATA;// Get the data.

return data.i;

}
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APPENDIX C: OPERATION WITH WINDOWS SOFTWARE

For convenience, a custom Windows® application is
provided to control the servomotor. The control soft-
ware for the servomotor is installed by copying the fol-
lowing files into a new directory on your PC.

e Servo. exe

e vcl 35. bpl

e zconmobj . bpl

e cp3240nt.dl |

e borl ndmm dl |

Start the application by running Ser vo. exe. The fol-
lowing window should appear (see Figure C-1):

FIGURE C-1: DC SERVOMOTOR CONTROL
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The control software uses COM2 as the default COM
port. If the servomotor is connected to a different COM
port, you will need to change the setting to the appro-
priate port. If you point to Port in the menu bar, a drop-
down menu appears (see Figure C-2). If the Close
option is seen, you should close the current port and
reopen the menu. Otherwise, point to the Select
option, which provides a list of available COM ports.
Choose the appropriate port and click Open.

Select one of the three motion profiles listed in the
Motion Profiles section of the control window and click
Single to test the software. The motor will execute a
motion and stop after a few seconds. Click the Loop
button to perform the motions repeatedly.

FIGURE C-2: PORT MENU OPTIONS
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Programming a Single Motion Segment

A single motion segment may be programmed and
executed using the Manual Motion section of the con-
trol window. For example, enter the following values
into the appropriate data windows and click Start.

« Distance: 2950

« Velocity: 128

e Acceleration: 1024

You should observe that the motor shaft slowly rotates,

then stops. Table C-1 summarizes the data value limits
for all values in the control software.

TABLE C-1: SERVOMOTOR PARAMETER LIMITS
Parameter Min. Value Max. Value Comments
Distance - 32000 32000 1 Shaft Revolution = 2950
Velocity 0 4096
Acceleration 0 32000
Delay 0 32000 Number of servo update periods
Kp 0 6000
Kd - 32000 32000
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Programming Up to Four Motion Segments

The User Profile Configuration area of the software
control window allows four motion segments to be pro-
grammed into the motor and executed. A delay value is
specified in servo update periods and determines the
amount of idle time between consecutive motion seg-
ments.

You can enter the motion profile data for each motion
segment into the appropriate data windows. The follow-
ing are suggested starting values.

Data Window Segl Seg2 Seg3 Segi4

Distance: 2950 2950 29500 29500
Velocity: 128 1024 128 512
Acceleration: 1024 1024 1024 1024
Delay: 2000 2000 2000 2000

Click the Download button to transfer the parameters
to the servomotor. Then, click the User radio button in
the Motion Profiles box and either the Single or Loop
button to start the profile.
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NOTES:
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV Certification, Inc. DNV MSC
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Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEYV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

fé Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.
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