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Abstract: The study of the subdivision driving technology of a stepper motor and two
types of typical acceleration and deceleration curves aims at optimizing the open-loop
control performance of the stepper motor. The simulation model of a two-phase hybrid
stepper motor open-loop control system is set up based on the mathematical model of
the stepper motor, in order to let the stepper motor have the smaller stepper angle, two
types of typical acceleration and a deceleration curve algorithm are designed for the real-
time online calculation based on the subdivision driving technology. It respectively carries
out the simulation analysis for their control effects. The simulation results show that the
parabolic acceleration and deceleration curves have a larger maximum in-step rotation angle
and the faster dynamic response ability in the same control period, and at the same time,
the position tracking error of an intermediate process is smaller.
Key words: acceleration and deceleration control, open loop control, stepper motor, sub-
division control, system modeling

1. Introduction

A stepper motor is a kind of open-loop control motor which can translate the digital pulse
signal to the corresponding displacement increment; it is a major actuating element and power
element [1] in a modern digital control system.

The control method of a stepping motor includes open-loop control and closed-loop con-
trol. The closed-loop method forms the closed-loop through detecting the position of a motor
rotor, carries a fuzzy proportional-integral-derivative (PID), space vector pulse width modulation
(SVPWM) and other control technology in the traditional closed-loop control to make the system
have better control performance and dynamic response, but the complexity and cost of the closed-
loop control system are higher [2–3]. The closed-loop control is the right choice stepper motor, it
is used in complex applications where use is more important than cost [4]. With the development
of subdivision driving technology and increasing maturity, it can reduce the motor step angle and
eliminate surging at low frequency, thereby decreasing a machine pulse equivalent to improve
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the precision of servo control and precision machining [5], and then through loading the suitable
acceleration and deceleration control curves. The open-loop control method can also effectively
avoid the motor vibration, step out and other phenomena. Due to its simple implementation, the
system control precision and stability can meet most of the application demands, the open-loop
control has become the main control way of the stepping motor.

This paper focuses on researching the two-phase hybrid stepper motor rotation system, sets up
its open-loop control system simulation model, expounds the application of subdivision driving
technology [6–10] in the system as well as its optimized simulation effect. It studies the accel-
eration and deceleration curve algorithm [11–15] applied for the real-time online calculation,
it designs two types of typical acceleration and deceleration curve algorithm, and, respectively,
carries out the simulation for their control performance through the comparison to analyze a
better speed control curve algorithm.

2. Two-phase hybrid stepper motor control system modeling

Due to the fact that a stepper motor has a lot of nonlinear components; it is required to carry
out the corresponding simplification for the model to better realize the correct motor control
system modeling. The voltage equation [3] of a two-phase hybrid stepper motor can be shown as:



UA = RAiA + (L0 − L1 cos 2θ)
diA
dt
− L1 sin 2θ

diB
dt

+ 2L1 (iA sin 2θ − iB cos 2θ) − kewr sin θ

UB = RBiB + (L0 + L1 cos 2θ)
diB
dt
− L1 sin 2θ

diA
dt

− 2L1 (iA sin 2θ + iB cos 2θ) + kewr cos θ

. (1)

Therein, UA, UB are the voltage of the two-phase winding; RA, RB are the resistance of
the two-phase winding; iA, iB are the current of the two-phase stator winding; L0 is the self-
inductance average component of the motor stator winding; L1 is the self-inductance fundamental
component of the stator winding; θ is the rotor real-time position; ke is the counter electromotive
force coefficient of the stepper motor; wr is the mechanical angular velocity of the motor rotor.

The torque equation of the two-phase hybrid stepper motor is:

Te = J
dwr

dt
+ Bwr + TL . (2)

Therein, Te is the electromagnetic torque of the motor; J is the rotational inertia of the motor;
B is the friction coefficient of the motor; TL is the additional load torque of the motor, and
the electromagnetic torque Te is composed by the reaction torque Ts generated from the stator
winding, plus the permanent magnet torque Tm set up by the rotor, namely:

Te = Ts + Tm . (3)

The reaction torque Ts in the power-on state:

Ts = Nr

(
1
2

i2A
∂LAA

∂θ
+

1
2

i2B
∂LBB

∂θ
+ iAiB

∂MAB

∂θ

)
. (4)
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Therein, Nr is the quantity of the upper teeth of the motor rotor; LAA, LBB and MAB are,
respectively, the self-inductance and mutual inductance between the stator two-phase winding.

The permanent magnet torque Tm is:

Tm = Nr

(
ImiA

∂MAm

∂θ
+ ImiB

∂MBm

∂θ

)
. (5)

Therein, Im is the field current of the rotor; MAm and MBm are, respectively, the mutual
inductance of the two-phase winding and rotor.

By plugging (4), (5) into (3), we can obtain:

Te = Ts + Tm = Nr

(
1
2

i2A
∂LAA

∂θ
+

1
2

i2B
∂LBB

∂θ
+ iAiB

∂MAB

∂θ

)
+ Nr

(
ImiA

∂MAm

∂θ
+ ImiB

∂MBm

∂θ

) (6)

and 

LAA = L0 − L1 cos 2θ
LBB = L0 + L1 cos 2θ
MAB = MBA = −L1 sin 2θ
MAm = Msr sin θ
MBm = Msr cos θ

. (7)

Therein, Msr is the coefficient of mutual inductance between the rotors.
By plugging (7) into (6), we can obtain:

Te = Nr

[
L1 sin 2θ

(
i2A − i2B

)
− 2iAiBL1 cos 2θ

]
+ Nr ImMsr (iA cos θ − iB sin θ) . (8)

This is the characteristics of torque in the case when the two-phase hybrid stepper motor
doesn’t consider the effect from the magnetic leakage and the saturation of a magnetic circuit in
the motor circuit. According to the characteristics of torque, the different control schemes of a
stepper motor can be obtained as: one is the subdivided control, another one is the vector control.
This system model can realize the stepper motor control accuracy and fast responsiveness through
carrying the subdivided driving technology, as well as the suitable acceleration and deceleration
curve algorithm.

The simulation model of the two-phase hybrid stepper motor open-loop control system is set
up in Fig. 1 by Matlab/Simulink.

In Fig. 1, the simulation model is mainly composed of 4 parts: the hybrid stepper motor
module, which is the simplified model of a two-phase hybrid stepper motor, it is set up by
Formula (1) and Formula (2); the PWM module, which is the input current signal converted to
a PWM wave; converter A, the B module which represent two PWM inverters; the ACC/DEC
curve – subdivision circuit module, which is the designed acceleration and deceleration curves,
as well as a microstep subdivided driving module. This module will be discussed specifically in
the following content.
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3. Subdivision driving technology

Subdivision driving technology subdivides the stepper angle of a stepping motor, so as to let
the stepper motor control system have the higher resolution. A two-phase hybrid stepper motor
needs to make the composite vector of each phase winding current to do the uniform amplitude
of constant rotational motion in the space through the quasi sinusoidal current in the two-phase
winding.

The common formula [13] of the phase current in the subdivision control is:{
Ia = Ir × cos α
Ib = Ir × sin α . (9)

Therein, Ir is the rated current of the motor, α is the current real-time angle, its computing
method is:

α =
π

2N
× S. (10)

Therein, N is the number of subdivision, S is the worked steps of the stepper motor.
Respectively carry out the simulation for 4 subdivisions, 8 subdivisions and 16 subdivisions

based on the established stepper motor control system model, analyze the relationships among the
stepper angle and the number of subdivision in each subdivision work way, as shown in Fig. 2.

From the simulation waveform figure, we can see that the two-phase current shows the
obvious quasi sinusoidal waveform, the stepper angle decreases with the increasing number of

(a) Phase diagram of two phase current and rotation angle under 4 subdivision mode
Fig. 2.
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(b) Phase diagram of two phase current and rotation angle under 8 subdivision mode

(c) Phase diagram of two phase current and rotation angle under 16 subdivision mode

Fig. 2. Three subdivision modes of current and rotation angle
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subdivisions, the system resolution becomes higher, and the actual rotation angle of the motor
can reach the targeted angle in each subdivision work way.

4. Acceleration and deceleration curve design

4.1. Trapezoidal acceleration and deceleration curves
The trapezoidal acceleration and deceleration curves are designed as in Fig. 3, the whole

process is divided into acceleration, uniform velocity and deceleration. The stepper motor starts,
runs nA steps by the acceleration β, and then accelerates the speed to the maximum speed wm,
it reduces the speed by the same acceleration after running nB steps by the constant speed, the
stepper motor stops to work after nC steps. We know the total steps n, total control period T , as
well as nA, nB, nC and other parameters, we need to calculate the acceleration β, and the stepper
period Ti of every step in each running stage.

Fig. 3. Trapezoidal acceleration and
deceleration curve

In the acceleration stage, the relationships between the angular velocity and angular displace-
ment are as follows:

ωt +
1
2
βt2 = θ. (11)

Initial velocity ω = 0, after the discretization, can get:

1
2
βt2

i = θi = iδ. (12)

Therein, θi is the rotated angle of the motor after sending the i pulse; δ is the stepper angle.
From Formula (12), the time ti to finish sending the i pulse in the acceleration stage, and the

time ti−1 to finish sending the (i − 1) pulse are as follows:


ti =

√
2δi
β

ti−1 =

√
2δ(i − 1)

β

. (13)

From the angular velocity-time curve diagram, we see that:

1
2
ωmTA = φA . (14)



70 Daode Zhang, Jingqi Wang, Lei Qian, Jun Yi Arch. Elect. Eng.

Therein, TA, φA are, respectively, the required time and rotated angle in the acceleration stage.
From Formula (14), we can get:

β =
ωm

TA
=

2φA

T2
A

. (15)

To sum up, the period Ti of the i pulse can be obtained from Formula (13) and Formula (15):

Ti = ti − ti−1 = TA

√
1

nA

(√
i −
√

i − 1
)
. (16)

Therein, the value range of i is 1, 2, 3, . . . , nA.
The derivation of every stepper period in the uniform velocity and deceleration stage are

similar to the acceleration stage, the stepper period of the i pulse in the uniform velocity and
deceleration stage are, respectively:

Tj =
TB

nB
j ∈ {1, 2, . . . , nB}, (17)

Tk = TC


√

nC − i + 1
nC

−
√

nC − i
nC

 , k ∈ {1, 2, . . . , nC }, (nA + nB + nC = n). (18)

4.2. Parabolic acceleration and deceleration curves
Parabolic acceleration and deceleration curves are designed as in Fig. 4; the whole process is

divided into acceleration, uniform velocity and deceleration.

Fig. 4. Parabolic acceleration and
deceleration curve

Due to the derivation method of every stepper period Ti , in each stage it is similar to the
parabolic acceleration and deceleration curves, every stepper period of all the parabolic stages is,
respectively:

Ti = TAn
− 2

3
A

[
i

2
3 − (i − 1)

2
3

]
, i ∈ {1, 2, . . . , nA}, (19)

Tj =
TB

nB
, j ∈ {1, 2, . . . , nB}, (20)

Tk = TCn
− 2

3
C

[
(nC − k + 1)

2
3 − (nC − k)

2
3

]
, k ∈ {1, 2, . . . , nC }, (nA + nB + nC = n). (21)

From the above computing process, the stepper pulse sequence can be easily obtained when
the stepper motor runs different acceleration and deceleration curves, speed, position curve and
others.
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5. Simulation analysis

In this paper we aim at researching the angular displacement output from the stepper motor,
we carry out the simulation for the above two types of acceleration and deceleration curves by the
established stepper motor open-loop control system model. The stepper motor parameters: the
number of rotor teeth is 50, the stepper angle is 1.8◦, the maximum output torque is 6.5 ·10−3 N·m,
the working voltage is 24 V, the moment of inertia of the motor shaft is 0.58 · 10−7 kg·m2, the
viscous damper is 1 · 10−4 kg·m/s. The rotation time from the motor start to stop is 100 ms,
including the acceleration; uniform velocity and deceleration time are, respectively, 40 ms, 20 ms
and 40 ms.

When the targeted angular displacement of the stepper motor is designed as 45◦, the simulation
results of the acceleration and deceleration curves in two ways are as shown in Fig. 5.

(a) Trapezoidal acceleration and deceleration curve (b) Parabolic acceleration and deceleration curve

Fig. 5. Two acceleration and deceleration curves

Respectively adopt these two types of speed curves as the input of the simulation system to
get all kinds of running curves of the stepper motor. The simulation result shows that the control
system is adopted by the trapezoidal acceleration and deceleration curves, the maximum in-step
angle of stepper motor is 820◦ within a 100 ms control period; and the maximum in-step angle
is 990◦ when adopting the parabolic acceleration and deceleration curves. When the stepping
motor is in the maximum in-step angle process, the simulation result of the relationships between
the motor output angular displacement and time of these two kinds of velocity curves looks as
it is shown in Fig. 6, including the full line that represents the targeted angular displacement
curve; the dotted line represents the actual angular displacement curve. Carry out the differential

(a) Trapezoidal acceleration and deceleration curve (b) Parabolic acceleration and deceleration curve

Fig. 6. Relationship of the stepping motor’s output angle displacement and the time
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treatment for the actual angular displacement and targeted angular displacement, therefore, the
position tracking error simulation diagram in the stepper motor running process is obtained as
shown in Fig. 7.

(a) Trapezoidal acceleration and deceleration curve (b) Parabolic acceleration and deceleration curve

Fig. 7. Simulink results of position tracking error

The simulation result shows that the parabolic acceleration and deceleration curves have a
larger in-step rotation angle than the trapezoidal acceleration and deceleration curves within the
same control period, and at the same time the position tracking error is smaller in the intermediate
process.

6. Experimental verification

The two types of velocity curves described above have undergone experimental verification
with the use of the STM32 demoboard. The driving stepper motor parameters are basically fit
with the stepper motor in the simulation model, the number of rotor teeth is 50, the stepper angle
is 1.8◦, the maximum output torque is 6.5 · 10−3 N·m, the working voltage is 24 V, the moment
of inertia of the motor shaft is 0.58 · 10−7 kg·m2, the number of the microstep subdivision of
the driving circuit is 16, the rotation time from the motor start to stop is 100 ms, including the
acceleration, uniform velocity and deceleration time are, respectively, 40 ms, 20 ms and 40 ms.

The maximum in-step angular displacement of two kinds of velocity curves and their corre-
sponding error curves are shown in Fig. 8 and Fig. 9. From the diagrams we can see that when the

(a) Angular displacement curve of 710 degree
of stepping motor

(b) Position error curve of 710 degree
of stepping motor

Fig. 8. Angle displacement and error curves of 710 degree based on trapezoidal profile
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control system is adopted by the trapezoidal acceleration and deceleration curves, the maximum
in-step angle of the stepper motor is 710◦ within 100 ms control period; and the maximum in-step
angle is 900◦. When adopting the parabolic acceleration and deceleration curves, it enhances
around 27% than the trapezoidal acceleration and deceleration curves, and at the same time the
position tracking error is smaller in the intermediate process.

(a) Angular displacement curve of 900 degree
of stepping motor

(b) Position error curve of 900 degree
of stepping motor

Fig. 9. Angle displacement and error curves of 900 degree based on parabolic profile

The experimental test is also carried out with the other rotation angles, the maximum value
of the angular displacement error in the intermediate process, in the case of these two kinds of
velocity curves, is at different rotation angles and it is summarized in Table 1. The parabolic
acceleration and deceleration curves have a larger in-step rotation angle than the trapezoidal
curves within the same control period, and at the same time the angular displacement error in
the intermediate process decreases. The experiment is basically fit with the simulation result and
the rules, the accuracy of the foregoing theoretical analysis has been proved. The application
of parabolic acceleration and deceleration way causes that the stepper motor open-loop control
performance shows an obvious improvement.

Table 1. Angle displacement errors at different degrees

Angle 540◦ 630◦ 710◦ 800◦ 900◦

Trapezoidal −2.4~2.0 −2.9~2.3 −3.2~2.4 – –
Parabolic −0.5~0.15 −0.5~0.2 −0.7~0.2 −0.7~0.2 −0.8~0.2

7. Conclusion

1) According to the mathematical model of a two-phase hybrid stepper motor, microstep subdi-
vision driving technology and the acceleration and deceleration curve technology, the simulation
model of the two-phase hybrid stepper motor is set up, and the working principle of microstep
subdivided driving technology can be used for the real-time online computing acceleration and
deceleration curve algorithm after carrying out the discussion.
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2) The simulation respectively analyzes the two-phase current and rotation angle of the stepper
motor in three kinds of working ways, the simulation shows that the working steps of the stepper
motor within the unit time increase, the unit stepper angle becomes smaller with the increasing
number of subdivision, the stepper motor system can obtain the higher resolution, smaller pulse
equivalent, in addition, it can obviously decrease or eliminate the low frequency vibration and
noise of the stepper motor.

3) The simulation analyzes the control performance of trapezoidal acceleration and decel-
eration curves and parabolic acceleration and deceleration curves. The simulation shows that
the maximum in-step angle of parabolic acceleration and deceleration curves reaches to 990◦
within 100 ms control period, it enhances 21% than the trapezoidal acceleration and deceleration
curves; and at the same time its position tracking error is smaller. It shows that the parabolic
acceleration and deceleration curves have faster dynamic response speed and better open-loop
control characteristics.

4) The experiment verifies the control performance of trapezoidal, parabolic speed curves.
The experimental result shows that the maximum in-step angle of the parabolic speed curve is
900◦ within the same control period, it enhances around 27% than the trapezoidal speed curve,
and at the same time its angular displacement error decreases relatively. The simulation and
experiment show that the parabolic acceleration and deceleration curves have the faster dynamic
response ability.
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