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Abstract: Stepping motor normally operates without feedback and may loss the synchronization. This problem can be prevented
by using positional feedback. This paper introduces one method for closed loop control of stepping motor and a method for
combining full-step control and micro-step control. This combination controlling apparatus can perform position control with high
accuracy in a high speed, so that it will not suffer from vibration (or hunting) problem when stopping motor. Controlling apparatus
contains a position counter block for detecting rotor position of stepping motor, a driving block for supplying current to windings
of stepping motor, a control block for comparing output signal of position counter block with command position (desired position)
and outputting current command signal based on deviation between current position and command position of rotor. To output
current command signal, the control block refers to a sine wave data table. This table contains value of duty cycle of Pulse Width
Modulation signal. As the second object of this paper, the process of building this data table is also presented.
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1. INTRODUCTION

Stepping motors have been widely used in industries
because they could be controlled with good positioning
accuracy through simple open loop control and it can generate
high torque at low speed [1]. The ability to move through
fixed angular increments or steps mean that stepping motor
can be used without feedback that interface to digital
positioning system easily. Stepping motors are also robust and
very reliable [2]. However, open loop control methods do not
meet all control specifications of advanced positioning system
[1]. It can cause the loss of synchronization or steps. For this
reason, recent researches tried to apply closed loop control for
stepping motor. This paper proposes a method for closed loop
control which applies the combination of micro-step and full-
step control. With this method, the rotation velocity of rotor
can be improved and can obtain high precision positioning. On
the other hand, former researches on micro-step control
method were usually performed by using Digital to Analog
Conversion to control the current flow in windings of stepping
motor. Although this method requires ADC modules in
controlling apparatus, it is selected because of an easy control
method. As the second aspect of this paper, the proposal of
Pulse Width Modulation (PWM) method for controlling the
current flow in winding of stepping motor is presented.

2. OBJECTS OF THIS RESEARCH

Closed loop control method is the combination of micro-
step control and full-step control for stepping motor. This
allows the rotor of the motor to follow commanded positions
without stepping out, to ensure highly reliable positioning, to
operate in high speed and not to causes micro vibration
(hunting) when the rotor is stopping. The second object of this
research is to introduce a process to apply PWM method in
Micro-step controlling for stepping motor. This method will
provide a compact, inexpensive and highly reliable control
apparatus for stepping motor [3].

Referring to Fig.1, to achieve the first objects, a position
control apparatus for controlling the position of the stepping
motor comprises a position counter block (4) for detecting
rotor position. A PWM driving block (3) is for outputting an
electric current to the windings. Control block (5) compares an
output value of the position counter block with the command
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position, then outputs a current control command signal
corresponding to a desired electric current flowing in windings
of the motor to driving block. This current command is based
on deviation between the output value of position counter
block and the command position value [3].

To combine the full-step and micro-step control, the control
block (5) has following characteristics.

Firstly, the control block outputs a sine wave data signal
which correspond to the command position according to a sine
wave data table (or a cosine data table) when the deviation lies
within an electrical angle of 90 degrees (or 1 full step).
Otherwise it outputs a sine wave data signal which excites the
motor in a way that the motor comes to an excitation stable
point ahead of the rotor position by an electrical angle of 90
degrees (or 1 full step) when the deviation exceeds an
electrical angle of 90 degrees (or 1 full step) [3].

Secondly, in the control block (5), referring to Fig. 2, the

control block receives command position from outside and
rotor position information from position counter block (4).
The control block (5) comprises a phase computing block (6)
which outputs phase (or address) to the duty cycle table (7)
based on the deviation between the two input values.
The duty cycle table (7) which provides a sine wave data
signal in form of PWM pulses duty cycle. When the deviation
lies within an electrical angle of 90 degrees (or 1 full step), the
phase computing block (6) outputs the duty cycle of PWM
pulses, so that rotor is controlled in micro-step manner.
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Fig. 1 Block diagram of control apparatus.
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Otherwise, if the deviation exceeds an electrical angle of 90
degrees (or 1 full step), the phase computing block (6) outputs
the duty cycle of PWM pulses to control the rotor in full-step
manner.

From above characteristics, the deviation between the
command position and the rotor position as monitored, the
following two modes are provided and changed from one to
the other in according to the size of the deviation; the
threshold value is 90 degrees of electric angle (or 1 full step).

Referring to Fig. 3, when the size of absolute value of
deviation is smaller than 90 degrees of electric angle (or 1 full-
step), the mode is set to Micro-step mode. In micro-step mode,
the phase of the exciting current becomes an excitation stable
point which leads to the rotor position to an electrical angle of
1 micro-step value (Ex. 1.8/64 = 0.028 degree of spatial angle
or 90/64 =~ 1.406 degree of electrical angle). Otherwise, the
size of absolute value of deviation is larger than 90 degrees of

electric angle (or 1 full-step); the mode is set to full-step mode.

In full-step mode, the phase of the exciting current becomes an
excitation stable point which leads the rotor position to an
electrical angle of 90 degrees.

With the above reasons, this apparatus can allow the rotor
of the motor to follow commanded positions without stepping
out. It can ensure highly reliable positioning in high speed of
operation and causes no micro vibration (hunting) when
stopping rotor [3].

To achieve the second object, the control apparatus
comprises of driving block (3), which drives the current flow
in windings by using the PWM technique. The control block
(5) comprises of duty cycle table (7) along with PWM
generator block (8).

With above configuration, it is possible to provide a
compact, inexpensive and highly reliable control apparatus
which neither employs complicated control nor faces a step
out problem [3].
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3. EMBODIMENT OF CONTROL APPARATUS

This section of paper describes the embodiment of control
apparatus based on mentioned ideals.

Referring to Fig. 1 is the block structural diagram depicts
the control apparatus of this research. A 2-phase unipolar type
stepping motor (1) is has resolution of 1.8 degree for 1 full-
step. It will move 200 full-steps per revolution. This motor is
controlled by exciting the four terminals denoted as A, /A, B,
and /B. An optical encoder (2) is attached to the rotor shaft of
the motor (1) producing position signal of the rotor. Optical
encoder (2) outputs motion information of rotor to position
counter (4) through 3 terminals A, B and Z. Position counter
(4) decodes information from phase A and B of encoder, then
counts and feedbacks the information about current position of
rotor to control block (5).

The control block (5) receives the feedback information
from position counter, then compares it with the input position
command and outputs PWM signals to driving block (3).
Driving block (3) contains power amplifier and supplies
specific current to stepping motor.

Referring to Fig.2, control block (5) comprises a phase
computing block (6) to receive the feedback information from
position counter (4). It compares the input position command
and computes the corresponding phase (or address of data
table) based on deviation between the command position and
current position of rotor. Phase computing block (6) outputs
the phase (or address) to duty cycle table (7) which is used to
refer the duty cycle of PWM signal. This duty cycle
corresponds to desired sine wave shape (or cosine wave shape)
of current supplied to winding of motor. Duty cycle command
is outputted to PWM generator block (8) which generates
PWM signals to driving block (3). Then the driving block (3)
controls the corresponding electric currents that should flow in
windings of stepping motor.

When the deviation between the feedback rotor position
and input command position lies within a full step angle or 90
degrees of electric angle, the computed phase from computing
block (6) is based on the command position. Phase computing
block (6) monitors the deviation and rotates the rotor by
changing the position of exciting current in windings toward
desired position until the deviation is zero. This is the Micro-
step mode.

When this deviation exceeds 90 degrees of electric angle
(or 1 full-step), the phase computing block (6) outputs a phase
(or address) based on the current position of rotor. The current
in windings are excited to make excited position at 90 degrees
of electrical angle (or 1 full step) to the current position of
rotor. After each time the position of exciting current is
changed, the rotor is moved toward the desired position by 1
full step angle. This is full step mode.

4. IMPLEMENTATION AND RESULTS

This section of paper will explain about the problems when
applying this research in practical.

In one motor control system, the velocity profile of rotor is
required to have the shape similar to trapezium. When
obtaining this profile, the controlled motion become faster,
smoother and will not suffer from high force when starting or
stopping. For example, referring to Fig. 4, initial velocity is
about 200 rpm, and the velocity is increased until it reaches
the maximum velocity. This period is called the “Start Mode”.
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Fig. 4 Trapezium shape of velocity profile.

After the “Start Mode”, the controller is switched to “Run
Mode”. This mode maintains its speed at maximum speed.
Finally, rotor slows down until it becomes to initial velocity
when the current position of rotor is near to command position,
and stops when rotor position is at command position. This
period is called “Stop Mode”.

Building a control apparatus which controls stepping motor
in precision position with high reliability at high speed and
without any fluctuation (hunting) when stopping motor is the
first object of this research.

The velocity profile in Fig.4 is obtained by the combining
both full-step moving and micro-step moving.

To control both full-step methods and micro-step methods,
the control block is required to input the current position of
rotor. Which is to compare the current position of rotor with
the command (or desired) position, and make decision which
rotation mode is appropriate. Referring to Fig. 4, the current
position of rotor is far from command position and rotation
velocity of rotor is slower than the maximum velocity. The
“Rotation Mode” of motor is set to “Start Mode.” In this mode,
the velocity of rotor will increase step by step until it reaches
the maximum velocity. If the current position of rotor is still
far from command position and rotation velocity of rotor is
equal to the maximum velocity, the “Rotation Mode” of motor
is set to “Run Mode.” In “Run Mode,” control apparatus
maintains the maximum velocity of stepping motor. However,
if the current position of rotor is near to command position,
the Rotation Mode is set to “Stop Mode,” which the velocity
of rotor is decreased step by step until it reaches the command
position.

In more detail about method to perform this combination of
control, control block (5) comprises two main processes. One
for positioning the rotor to command position, the other is for
control the velocity profile of rotor.

Fig. 5 shows the algorithm of positioning rotor process to
desired position. At Step 1, control apparatus waits to reach
zero of delay time variable. This process is executed only
when the time delay variable reaches zero. At Step 2, control
apparatus calculates the position deviation between current
position and command position. At Step 3, control block (5)
checks rather the position deviation is zero or not. If the
position of deviation is zero, which means the rotor has
completed the command position. Otherwise, if the position
deviation is still not equal to zero, adjustment in position of
exciting current must be performed at Step 4. The delay time
variable is reset again and begins another waiting loop. In Step
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4, control block executes in micro-step mode and full-step
mode. Depending on size of position deviation, control block
will operate at appropriate mode.

When position deviation is smaller than 1 full step (or 90
degrees electric angle), control block is set to micro step mode.
In micro step mode, one period of delay time value of the rotor
is controlled to move only 1 micro-step and the output phase is
produced as the rotor move in each micro-step toward the
command position. For example, if the number of micro steps
in 1 full step is 64, the current position of rotor is 10 and
command position is 35. Then control block need 35-10 = 20
cycles of delay time variable to move from current position to
the command position. During that period, phase is changed
from 10, 11, ...34, and 35. In 1 cycle of delay time variable,
rotor moves 1 angle which is 1.8/64 =~ 0.028 degree of spatial.

Control block is set to full-step mode when position
deviation is large than 1 full step(or 90 degree of electric
angle). In full-step mode, one period of delay time value of the
rotor is controlled to move by 1 full step from the current
position of rotor. The position of exciting current is at leading
or lagging in phase to the current position of rotor, it depends
on the value of command position when comparing with
current position of rotor. The exciting current is at leading in
phase when rotor needs to move in clockwise direction for
reaching the command position and contrary to the case of
counter clockwise direction. Output phase is produced as rotor
move one by one full-step toward the command position. For
example, if the current position of rotor is 10 and command
position is 148, then position deviation = 148-10 = 138>64, so
to move rotor from 10 to 148, control block need 2 cycles of
delay time variable work in full step mode and 138-64*2 = 10
cycles of delay time variable work in micro-step mode.
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Fig. 5 Process for positioning rotor position.
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As mentioned, rotor positioning process is executed when
delay-time variable is count down to zero. In one cycle of
delay-time variable, rotor is controlled to move 1 full step or 1
micro step depends on the size of position deviation. By
adjusting the value of delay time variable, the velocity of rotor
can be changed. The rotor positioning process only controls
the position of rotor, not the velocity of rotor.

The second process of control block is used for controlling
the velocity of rotor by adjusting the value of delay- time
variable.

In order to perform above process, control block uses Timer
interrupt as shown in Fig. 9. At Step 6, control block
calculates the current velocity of rotor and the position
deviation between current position of rotor and command
position. At Step 7, control block decides the value of rotation
mode. If position deviation is smaller than threshold (rotor
position is near to command position), rotation is set to Stop
Mode. If position deviation is larger than threshold value and
at that time, velocity of rotor will not reached the maximum
velocity of rotor. If it happens, the mode is set to Start Mode.
Otherwise, if the velocity of the rotor is equal to maximum
speed, then the rotation mode is set to Run Mode.
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Fig. 6 Interrupt for changing velocity of rotor.

At Step 8, based on the selected rotation mode, control
block adjusts the velocity of rotor by changing the delay-time
variable.

In Start Mode, the velocity will step by step increase every
time, when the timer interrupts happen. Control block remains
at Start Mode until rotation velocity of rotor reaches the
maximum speed after that the rotation mode is set to Run
Mode.

At Run Mode, rotation velocity is constant at maximum
speed until current position of rotor enough closed to the
command position. Then control block sets the rotation mode
to Stop Mode.

In duration of Stop Mode, velocity of rotor will decrease to
the initial velocity, until the position of rotor reaches the
command position.

This timer interrupt happens with periodic of 8ms. It means
in every 8ms, the velocity will increase or decrease 1 time.

As the second object of this research, the process for
applying the PWM technique in control the current flowing
into the winding is presented.

To rotate the rotor of stepping motor in micro stepping
manner, the value of current flowing though windings are
controlled as one sine or cosine with correspond to micro step
angle. In convention method, to control current, the Digital to
Analog Conversion (DAC) method is usually used. By using
DAC module, it is easy to interface and control the current by
digital system. The control block (5) only stores binary value
accordance to value of sine (or cosine) function into memory
and extracts this value based on the phase of micro step angle.
However, the system is required to consist of ADC module.
Otherwise, when the method of PWM is selected, it may have
the advantage in case of some Microprocessor having on chip
PWM module feature.

The basic Ideal of PWM technique is by adjusting the duty
cycle of switching pulse which controls on/off the current flow
through windings.

First, measuring the maximum current flow through the
winding when increasing On-time (or duty cycle) of switching
signal (is PWM pulses). Fig. 7 shows the relation between the
maximum current versus the duty cycle of switching signal.

This graph shows that the current flow in winding is not
linearity proportions to the duty cycle of switching signal and
other problem is the small value of duty cycle (smaller than
20%). When the duty cycle is small, it makes current is small
also, so that it will not affect the torque of the rotor. To avoid
these problems, the selected range needs to be on the linearity
proportion portion as shown in Fig. 8.
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Fig. 7 Relation between duty cycle and maximum current.
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Table 1 Pseudo code of Lookup table building algorithm

For (i = 0 to NumOfMicrostep)
For (j = 0 to NumOfChangeStepDutyCycle)
If (DesiredCurrent/[i]~ MeasuredCurrent[j])
LookupTableOut[i] :=j
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In Fig. 8, the selected range is from about 15% to 90%
value of maximum duty cycle. In order to control the value of
current flowing in winding as sine (or cosine) which
corresponds to micro step angle, the control block uses a
lookup table for duty cycle (7). The lookup table for duty
cycle of PWM pulses is built by using graph in Fig. 8 together
with sine wave graph in Fig. 9.

Fig. 9 is graph showing the sine wave which is divided into
64 steps. This will be used as referring value of sine in process
of building the lookup table for micro stepping control. The
two graphs are stored corresponding in two arrays.

The algorithm for building, this lookup table is presented
by following pseudo (Table 1).

The result of this iteration is one array
LookupTableOut[NumOfMicrostep], which contains the value
of corresponding duty cycle corresponding to phase value in
each micro step position. The value of duty cycle in this table
specifies value of current flow in winding. Fig. 10 shows the
content of the LookupTableOut[] array.

By the above process, PWM technique can be used to
perform Micro-step controlling. This process can avoid the
nonlinear problem of relation between duty cycles versus the
current flow in windings.

5. CONCLUSION

This paper has presented two aspects in controlling
stepping motor. Firstly, this paper proposes one solution for
increasing the rotation speed of stepping motor by combining
both micro stepping and full stepping control method. This
combination can avoid the fluctuation when motor stopping
(hunting problem). Secondly, it shows how to implement the
PWM technique in micro stepping control.
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