A PID Controller for Real-Time DC Motor Speed Control using the C505C Microcontroller
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Abstract

This paper presents a red-time DC Motor spedl
controller design wsing a microcontroll er-based network
system. The design architedure was developed using two
Phytec evaluation boards ead having an Infineon eight-
bit C505C-L microcontroller. The system deteds the red-
time spead of the motor using the sensor device and then
transfers data to the first Phytec board’s microcontroller
using seriadl communication. This data is procesed and
transferred to the second Phytec board’s microcontroll er
using a Controller Area Network (CAN) communicétion
scheme. The second microcontroller uses the recaved
data to cdculate the red-time ntrol value to monitor and
keep the motor speed constant based on a @mmand
signal. Data is then transferred badk to the first Phytec
board’'s microcontroller using CAN and is utilized to
change the motor voltage such that its eed is constant.
The importance of the proposed design architedure is its
ability in controlling predsely the motor speed and/or
diredion espedally when used in modern automobiles
where the CAN protocol is quite popular. Moreover, the
proposed red-time @ntroller approach is based on the
closed loop feadbadk error principle unlike the eisting
open loop daesigns. The paper details the system design
and the experimental results that were obtained.

Key Words: Red-time DC motor speed control, C505C
microcontroll er, Controller AreaNetwork

1. Introduction

Rapid  progress in  microeledronics  and
microcontrollers in recent yeas has made it possble to
apply modern control technology to automobil es that need
red-time ntrol. Automotive technology uses sveral
eledronic control units (ECU) to control efficient and
reliable operation of key components namely, the engine,
transmisdon, anti-lock braking system (ABS), cruise,
steaing, vehicle tradion, and entertainment [1]. DC
motors control, many of these operations and therefore
there is a neal for implementing effedive ntrol
strategies for digital control of these motors. Currently,
auto manufadurers use multiplex buses for integrating all
their vehicle dedronics and instead of using the

34

Abhiman Hande
Electrical and Computer Engineering Department
Lake Superior State University, S.S. Marie, M| 49783
Phone: (906) 635-2598, Fax: (906) 635-6663
Email: ahande@|ssu.edu

proprietary buses for the transfer of data within the
vehicle, the Controller AreaNetwork (CAN) proposed by
Robert Bosch [6] is becoming an industry standard.
Therefore, it is quite important to develop red-time DC
motor control strategies auch that these devices are
effedively integrated with their control eledronics using
the CAN network protocol. Redizing the faa that large
number of motors are utilized in modern vehicles and
there is espedally a neel to control these small motors
using a ommon bus with interrupt priorities, such red-
time control is extremely essential.

Several reseach efforts have shown the aility of
using digital signal processng (DSP) kits for red-time
motor control such as a propartional-integral-derivative
(PID) controller using the TMS320c31 DSK kit [2].
Subsequently it also addressed some steps into adaptive
control using the same DSP kit [3]. However, many such
processng kits do not have the aility of high-speed
networking and use open loop control strategies. As
oppased to those research diredions, the proposed system
makes use of the high speed CAN protocol that has built-
in error management and therefore reduces the dfed of
eledromagnetic interference (EMI) [6]. The system uses
the Infineon eight-bit C505C-L microcontroller that has
several peripherals including threetimer/counter units, an
analog-to-digital (A/D) converter, a seridl communication
interface(USART), and supparts the CAN protocol [4,5].

This paper proposes a red-time DC motor control
design approach using the CAN protocol to communicae
between a locd microcontroller that senses motor speed
and controls a motor driver circuit, and a remote
microcontroller that contains an embedded closed loop
digital controller for the motor speed corredion. At first, a
PID Controller is designed using MATLAB® and
Simulink® with a pradicd motor model. The transfer
function model of the motor is then used to design the
digital controller. Subsequently, this developed design is
used to generate the sensor architedure and software
program, which is loaded to the first microcontroller. This
microcontroller ads as the integrator between the motor
and the digital controller. The motor speed is then
transferred to the seand microcontroller (using a CAN
bus) that is loaded with the ntroller architecure
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software program. Based on changes in the motor spedd,
which is recorded using the first microcontroller, the
control value is generated which in turn is used to corred
any speal deviation. The whole process including the
network bus monitoringis carried out in red-time.

The paper is organized as follows. In sedion 2, a
generic control schematic using two microcontrollers
communicating through a CAN bus is discused. This
sedion also details the DC motor speed control strategy
using pulse width modulation (PWM). In sedion 3, the
digital PID controller design concepts and the simulation
test results of the PID controller on the DC motor model
using the MATLAB environment is discused. Sedion 4
details the flowchart for ead microcontroller and their
communication using the CAN bus, while sedion 5 shows
the test results observed. Lastly, sedion 6 pdnts out the
conclusionsinferred from the projed.

2. Motor speed control using CAN

Controller Area Network (CAN)
NN

Figure 1 shows the scheme used for controlling the
motor speal using two microcontrollers communicating
with ead other through a CAN bus. As can be seen, the
motor speal is ensed and transmitted to the CAN bus by
M. M, which generates the antrol value in red-time,
aided by the digital controller utilizes this information.
This is then transferred to M; via the CAN bus, and the
driver circuitry which normally changes the voltage to
stabili ze the spead uses this information. The CAN bus
monitor maintains the priority of different motor control
operations and schedules the interrupt level for the
spedfic operation domain.

Control of DC motors by PWM is very well known
[7]. In the processof varying the pulse by controlli ng the
switching of the input voltage for the off and on duration,
a time dependent varying output voltage can be adieved.
For example, Figure 2 shows a square wave PWM pulse
with 50% duty cycle.

/ CAN Bus Monitor

L

i

CAN
Node 2

Microcontroller (M)

Digital
Controller

Figure 1: Generic schematic diagram of the real-time DC motor control
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Vin <« (1) —»

Figure 2. Square wave with 50% duty cycle
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As down, if the input voltage ‘V;, can be switched on
and off frequently at the uniform rate then the total period
‘T will be:

T=T,+Tx > @

where: T,= ON time and Ty = OFFtime.

The average output voltage in thiscaseis0.5* V. In
general, the output voltage will be:

— Ton —
Vavg - B—ron +Toﬁ in > Vavg (D)\/m 2>

where: Vavg = average output voltage and D= duty cycle.

There ae two passble ways to control the speed of
the motor viz. open loop control and closed loop control.
In open loopcontrol, the control value is not dependent on
the output or the speed of the motor, whereas in closed
loop control in which the control value is dependent on
the speed of the motor. In the propased approach a dosed
loop speal control with a digital PID controller is
designed. A potentiometer was used as the reference
command signal to set the input voltage & various levels
as required. Further, the ntrol value obtained from
microcontroller M, is utilized to generate the average
output voltage for adjusting the duty cycle (D) in order to
maintain constant motor speed.

3. Digital controller design and simulation

Figure 3 shows the block diagram of the proposed
digital PID controller, where R(s) is the reference input,
y(s) is the system output, C(s) is the wntroller transfer
function, and H(s) is the feedbadc loop (sensor) transfer
function.

The digital PID Controller has the foll owing form [8],
o z+10 z+1C
C(z=K, +K —rt K - (3)
(2)=Kp K, 5 2-1H “°HT E

Controller

DA L c©

R(s)

where:

‘Kp', ‘K and ‘Kp' are the propational, integral and
derivative parameters of the ntroller and ‘T’ the
sampling time.

The discrete form of the mntroller transfer function
‘C(2)’ can aso bewritten as:

a +aZt+a,z2?
Cz=2 "% THE 5
where:
ke JKT Ko ook o KT _2Ke gng o K
=K AT TR T T %7

In the ‘Z' domain the @&ove mentioned second order
polynomial will be:

Y(2)=a,+aZ " +a,2°*C(2) and
X(2)=@1-Z2*C(2) > (5-6)

where: X(2) is the input to the controller and Y (z) the
output of the cntroller.

Taking the inverse ztransformation, the following
expressons are obtained:

Y(k) =a,9(k) +a,g(k -1 +a,g(k-2) and
9(k)=X(K)+g(k-1) > (7-8)

where: ‘K’ is the time onstant. This gives a relation
between the output of the plant and the cntroller.

The DC motor is modeled using the foll owing transfer
function:
Gpe (9) __ 223 3 (9
(s+4)
In the digital domain this is trandated with resped to a
samplingtime (T) of 250 msec &,

Plant
AD G

Sensor
H(s)

y(s)

Figure 3: Discrete PID controller structure
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Combining the motor model and the cntroller equation
the dosed loop system will be,

y(Z) _ C(2)*G(2)
R(Z) 1+C(Z)G(2)

>(11)

= S(2)

with the daraderistic equation as 1+ c(z)G(z)- The
controller parameters are designed such that the steady
state @ror ¢(z) = R(z)[1- S(z)] asymptoticaly tends to zero
1
1+C(2)G(2)
equations (3) and (10),

i.e = 0 for a unit step input. Combining

1+C(2)G(z) = 1+22a, +(22a, —0.368Z " +22a,2*
or
1+22a, + (228, - 0.3692 7 + 222,22 > (12

The developed DC motor model and the dosed loop
system are then used to generate the wefficients of the
digital PID controller using MATLAB®. Figure 4 shows
the settling time for the model for a motor input set point
of 15 revolutions per sewmnd (rps). Considering this
settling time for the pradicd DC motor model, the
coefficients of the discrete PID constants are formulated
for the dosed loop system. Further, using these
coefficients from (8), the following coefficient matrices
are dso oltained for the DC motor equation.

PID_Controller ={1.001, -0.996, 0, 0, 0} / {1, -1, 0, O, O};
(which shows the PID Controller value for the time span
desired)

Tirne reponse

System output (rps)

0

o 0.5 1 158 2 25 3 35 4 45 i

Tirme (seconds)

Figure 4: Step response of the DC motor model
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DC Motor Equation = {0, 1.8151, -1.8060, 0, 0}/{1, -
1.6703, 0.6703, 0O, O}; (which shows the motor
characteristic that needs to be controlled)

4, Software development and implementation

The adual implementation of the PID controller was
done using the Digita Applicaion Engineea (DAVE)
software from Infineon Technologies [9] and the pVision2
software padkage from Keil software Inc. [10].

Initialize variablesfor Error,
Reference, Potentiometer
Voltage and Speed

v

Develop the Transfer Function
for Motor and PID Controller

v

Initialize the Motor Output and
the Controller Output

v

Start the A/D Converter and
check the sampling time

Check the Time=Ts
and RQY ==1

Read the A/D Conversion value

v

Calculate the Controller Output
with thecurrent Error

v

Find the System Output by using the Controller Output
and the System Characteristics

4

Find the Change in the Speed

v

Find the new System Output from
changein the speed

4

Find the new current Error

v

Set thetime as zero

—»

N

Figure5: Algorithmic flowchart
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While DAVE was used to set the peripheral registers
of the microcontroller, yVision2 was used for writing and
compili ng the 'C' code. Figure 5 shows the flowchart of
the dgorithm that was developed. The ontroller
equations were loaded into the flash memory of the
microcontroller M,. For simulation purposes, the transfer
function eguations of the motor were loaded into the flash
memory of the microcontroller M;. At first, the system
output from the transfer function was utili zed to generate
the oontroller value from the microcontroller M,. The
motor speed was read at 250 msecintervals using the A/D
converter of M4, and the digital inputs were mnverted into
a CAN data frame for two bytes. The objed consists of
these two bytes and an 11-bit identifier Ox111 Thisdatais
then transferred to the CAN bus which is identified by the
CAN bus monitor as the system output. Microcontroll er
M, waits for a CAN message with identifier Ox111
Therefore, as on as the @dove objed with identifier
0x111 appeas on the CAN bus, it is captured by M,. M,
uses this receved data to generate the ntroller value.
The ntroller value is cdculated using the difference
between the reference speal (based on the potentiometer
setting) and the adual speed measured by M,. This error
is then used to generate the PID constants, which in turn
develops the duty cycle (D) equivaent for the discrete
closed loop control.

The required duty cycle is then transferred bad to
the CAN bus using another 11-bit identifier (0x222) and
two bytes of data from CAN Node 2 (refer Figure 1).
Every sewond, the CAN nodes (both Node 1 and 2)
identifies their objed and subsequently the data, and
interad with ead other to develop the required motor
driver voltage and in turn, the required motor speed. This
overall process of feedbad control is done in red-time
such that the motor speed stays at the same set value.

5. Practical implementation requirements

In order to implement the proposed scheme with a
pradicd DC motor instead of reading the spead from the
output of the modeled equation, the recorded speal was
taken from the motor sensor. Further, the output of
microcontroller M, is utilized to generate the average
voltage with the help of a driver circuit. The following
subsedions discussthe process

Feedback sensor :

The fealbadk sensor senses the speed from the
pradicd motor. There ae various types of sensors that
can be used for sensing the speal acarately during the
desired time. One such sensor is an opticd infrared
interrupter switch as explained in [11]. It is an open
colledor buffered digital output that is compatible with
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transistor-transistor logic (TTL). A key advantage of this
type of sensor is that it is not conneded physicdly to the
motor shaft and therefore does not bea any additional
load to the motor. However, an optica sensor will be an
ided choice if it needs to be used in an oil-laden
environment.

Input driver circuit:

The input driver can be diredly developed from the
microcontroller port. One important fador is the load
current requirement of the motor. It is quite obvious that
the requirements of any pradicd motor are higher than
any microcontroller can supply. Thus, the airrent
amplification procedure is essntial even though the
digital value of the motor voltage ca be derived from the
output port. Transistors or integrated circuit (IC) chips can
cary out the anmplificaion procedure. One such
implementation is done in [11] using an L293D driver.
This device can supply up to 600mA current per channel.
The output port of the microcontroller can be diredly
conneded to this devicefor driving the motor.

6. Simulation and test results

To test the system, the reference speed was st to
about 4.5V (about 50% D). The motor speed was then
displayed on a desktop computer using the HyperTerminal
software, and transferred to microcontroller M,. The
controller software embedded within M, cdculates the
necessary duty cycle required for maintaining the motor
spedl at the required constant value. Figure 6 shows the
adual output voltage waveform and the input set paint.
The mdes were generated using the DAVE and pVision2
software programs. The software was written in ‘C

language.

The proposed design wes a Deaborn Protocol
Adapter Il (DPA-II) to monitor the CAN system bus and
uses a pradicd DC motor model. Figures 7 and 8 show
the simulation results for a change in the spead value and
the motor speed corresponding to the &ove dange. As
can be seen from Figure 7, a speed change of around 1.5 —
1.7 rps is continuously fed using a potentiometer. The
remote ontroller has been applied in the forward loop
based on the DC motor model and the updated value of
the oontroller is used ead time & the motor input using
the CAN bus. The spedl variation at ead instant along
with the ntroller adion is observed. It was noted that the
motor output is within the range of set point speed, which
is 14.5 - 155 rps. Thus, the ntroller adion is effedive
as the adual spead without the controller should drop to
13.3 — 135 rps during the snap-shot time span of 1
seaond. Figure 8 also shows the controll er response during
this period.
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Figure 6: Output and input voltage changes
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Figure 7: Motor speed changes
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Figure 8. Controller response
7. Conclusions
A red-time PID digital controller has been developed

that controls the speed of a DC motor in a dosed loop
manner. A CAN differential bus is used for transferring
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information between a locd microcontroller that senses
the motor spead and a remote microcontroller that
contains the logic of the digital controller. The proposed
scheme works as a remote cntroller, which
communicates with a locad DC motor or its model using
the CAN protocol. The main investigation focused on
developing a system that correds changes in motor speed
due to extraneous disturbances in an extremely rapid
fashion. Therefore, microcontrollers that had full duplex
CAN communication cgpability were dosen. The output
results have shown that a 5% change in sped is brought
bad to zero, and the motor speed settles to its constant
value of 15 rps within 1 second using the propcsed
controller scheme. These observations clealy show the
ability of the red-time cntroller to constantly kee the
output variable within limits when there is a cange or
disturbance in the output, and in turn maintain the speed
of the motor at a mnstant value. The most criticd asped
that requires close @nsideration is the samplingtime.
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