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Abstract: Motion control of stepper motor for video surveillance system (CCTV) is very important issue in today 

life. Hybrid stepper motor is widely used in precision position application because resolution of hybrid stepper 

motor is high. In open loop control ,the speed response of HSM suffer from large overshoot, oscillatory response 

and settling time .Additionally the motor must respond to each excitation change . If the excitation change is made 

too quickly, the stepper motor may lose some steps and therefore it will be unable to move the rotor to new 

demanded position. There for, a permanent error can be introduced between the load position and the expected by 

the controller. Due to this limitation, the stepper motor cannot be used without feedback sensor and closed loop 

control system with high performance application where the exact position or rotor speed is required. 
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1.    INTRODUCTION 

Stepper motors convert electrical power into rotation. A stepper motor is an electromechanical device which converts 

electrical pulses into discrete mechanical movements. The sequence of the applied pulses is directly related to the 

direction of motor shafts rotation .For applications where precise measuring of a motors' rotor position is critical, a 

Stepper Motor is the best choice. Stepper motors operate differently from other motors; rather than voltage being applied 

and the rotor spinning smoothly, stepper motors turn on a series of electrical pulses to the motor's windings. Each pulse 

rotates the rotor by an exact degree. These pulses are called "steps", hence the name "stepper motor"[2]. 

The two major advantages of stepper motor are: 

1) They do not require a closed-loop system for positional control and  

 2) Positional error is not cumulative. 

Furthermore, the digital sequencing needed to drive these motors makes them extremely compatible with modem digital 

equipment. 

There are currently three general types of step motor. 

1) Permanent Magnet (PM) 

2) Variable Reluctance (VR) 

3) Hybrid 

Each has its own particular advantages and disadvantages. The permanent magnet motor (PM) or "can type" motor is 

economical, small and very simple in design. The variable reluctance (VR) and hybrid motors offer more torque with 

greater accuracy but come with the penalty of higher cost and larger size. 

Regardless of the type of motor, all have some common characteristics. The two main components of stepping or stepper 

motors are the rotor and stator. The rotor in a PM motor generally contains a smooth ceramic magnet while the VR type 

motor has teeth and may be made entirely of laminated iron. The hybrid motor tends to be a combination of the PM and 

VR motor, its rotor is a permanent magnet housed within a machined iron core. 
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The stator is the outer stationary housing which contains the stator poles and the windings. By sequencing the current 

through the windings, the rotor teeth are aligned with corresponding teeth on the stator poles thereby causing motion o f 

the rotor. Stepping motors have been used in open-loop mechanical positioning systems for many years, and are still the 

motor of choice in a wide range of applications. Their ability to move through fixed angular increments or steps means 

that stepping motors can be used without feedback and that interfacing to digital positioning systems is particularly easy. 

2.    MATHEMATICAL MODEL OF THE HYBRID STEPPER MOTOR 

The mathematical model that describes the dynamics of the hybrid stepper motors is well known [1], [2], [3]: 
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                              …..(2) 

                                 θ)-       ……………………………….. (3) 
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      and     voltages of phase, 

  J is inertia of the motor, 

  F is viscous friction coefficient, 

            are the currents of phase, 

     is motor torque constant, 

  R is resistance of the phase winding , 

  L is inductance of the phase winding, 

  N  is number of rotor teeth, 

     is rotor position (rad), 

  TL indicates load torque. 

2.1   Applications 

Stepper motors are used in a wide variety of applications in industry, including computer peripherals, business machines, 

motion control, and robotics, which are included in process control and machine tool applications. 

 Banking terminals 

 Clocks and Watches 

 X-Y plotters 

 Strip chart recorders 

 Packaging machines 

 Aircraft control systems 

 Agricultural machines 

 Random access disk memories 

 Serial and line printers 

 Photocopying machines 

 Incremental tape recorders 

 Textile machines 

 Robots-translating machines 

 Medical equipment 
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3.    OPEN-LOOP DYNAMICS 

3.1 Open Loop Dynamic 

Open-loop control involves operating a motor without benefit o f positional sensing or feedback.  

In most applications, this is the desired method of control, due to the simplicity of drive electronics and hence lower cost. 

In some instances, torque required by the driven system exceeds pull-in or pull-out torque generated by the motor. In 

these cases, positional steps may be lost, thereby degrading positional accuracy. The only way to guarantee accurate 

positioning is with a closed-loop system, however, any discussion of closed-loop control should include the open-loop 

dynamics for comparison. Open - loop stepping techniques have several shortcomings including; large overshoot 

,Oscillatory response, Large settling time, Accuracy and Reliability, Unable to remove Disturbance ,Operate below it 

maximum torque capability ,Chance of step missing is more if excitation made too quickly, Motor give response to every 

phase change 

3.2 Pulse Pattern for Motor 

 

Fig.1 Pulse pattern for motor 

3.3) Mode of Excitation 

Full Stepping Mode 

 To execute full stepping a stepper motor ,either one phase on switching or two phase on switching is use. 
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Fig. 2 Full Stepping Mode 

Half stepping mode 

For half stepping Phase switching alternates between one phase on and two phases on .The advantage is that the step 

angle has been half, there by provide the improved resolution.  

 

Fig.3 Half stepping mode 

3.4)  H-Bridge Circuit 

 

One of the most important considerations in the stepper motor applications is the design of a drive circuits. The dynamic 

performance of a stepper motor is heavily dependent on the drive circuits. Driving a stepper motor requires the switching 

of current from one stator winding to another. This switching function is provided by the driver circuit which arranges, 

distributes and amplifies pulse trains from the signal circuit. The windings of the stepper motor are excited at specified 

sequence. A IGBT transistor is a three terminal semiconductor device in which current, flowing from the drain-source 

terminals, is controlled by the voltage on the gate terminal.  
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4.    OPEN-LOOP SIMULATION FOR HYBRID MOTOR 

 

 

Fig.4 Open-Loop Simulation For Hybrid Motor 

4.1) Output Of Motor for Open Loop Simulation 

 

Fig.5 output of motor for open loop simulation 
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5.    CONCLUSION 

We control the motion of the camera, we have used two hybrid stepper motor in which one for left side motion and for 

right side motion and another stepper motor is for upper motion and lower motion with higher accuracy. 
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