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Abstract—In order to improve the load characteristics of stepper 
motor, give full play to the potential performance of a stepper 
motor, achieve higher performance, a stepper controlling system 
has been developed. High-speed microcontroller-based controller, 
enhanced parallel port (EPP) as a communication interface, Field 
Programmable Gates Array (FPGA) to achieve pulse signal 
generator, use of PC rich resources, message-driven Windows 
systems thinking applied to microcontroller program development, 
to achieve a step pulse signal a continuous, stable and adjustable 
linkage interpolation and modular system software. Experiments 
show that the control system for seam tracking control of 
scanning, the movement speed of up to 0.5 m/s, velocity error is 
less than 5% and weld Inspection deviation of less than 1mm. it 
not only has accurate positioning and reliable real-time, control, 
flexibility, speed to run wide, and strong anti-interference 
performance, man-machine interface, convenient, but is it good 
adaptability and self-protection capabilities, improved the stability 
and reliability of driver. 

Keywords—Stepper motor; Subdivided driving; FPGA; EPP; 
single-chip microcomputer 

I. INTRODUCTION 
Highlight the advantages of stepper motors make it in the 

civilian application of a wide range of industrial control. 
Stepper motor motion control system is an important 
component of the system, through its output electrical pulse 
signal to achieve the precise position and velocity servo 
control [1]. Stepper motor speed and the angle of rotation 
are decided by the input pulse rate and the total number of 
pulses. Its rotation angle error will not gradually 
accumulate. In practice, it often need to adjust the rotation 
of stepper motor speed or stepping volume, namely the 
need pulse generator to accurately set a pulse rate and the 
total number of pulse. Master output signal, through the 
pulse generator to complete stepper motor position, positive 
inversion, movements, slow down and control a series of 
complicated control and interpolation operations. Pulse 
generator and the design of interpolation operations through 
the MCU and the use of dedicated logic approach to 
implementation, but the use of SCM limited by its clock 
frequency to achieve low precision and poor anti-
interference ability, it is difficult to achieve non-integer 
clock cycles of the pulse signal [2]. System Development 
using field-programmable gate array (FPGA) technology to 
achieve pulse generator and the interpolation computing 
capabilities, microcontroller-based controllers, , using the 
rich resources of  PC, EPP data transfer mode of 

communication, may modify the output pulse parameters, 
at any time depending on the application. The design is 
simple, economic and reliable, interface convenience. 

II. CONTROL SYSTEM STRUCTURE 
Motor control system is based on high-speed MCU 

W77E58 as the core, memory, signal processing circuit, 
man-machine interface circuit, watchdog circuit, parallel 
communication interface, FPGA modules composed of 
subordinate control unit. Control system can output step 
pulse and direction signals to control the motor operation; 
while external limit signal, the control system of the 
external signal detection and to make appropriate treatment, 
upper and lower machine communication is carried out 
through the EPP protocol. Host computer collect feedback 
from a variety of next-bit machine status signals (such as 
motor sports in the limit input signal, etc.), diagnosis, 
treatment, curve display and data storage. Control system 
is the use of hardware and software open, modular design, 
control system structure shown in Fig. 1.  

 Figure 1. control system structure   

III. FPGA DESIGN OF DIGITAL MODULES 

A. Step pulse generator module 
It is designed by the FPGA's internal timer/counter 

structure, timer / counter value and timing range timing set 
by the software and change. Set the timer works, and load 
value, its will be able to work, do not take up a lot of time, 
easy to use, more functional. When the internal timer/ 
counter is activated, the timer starting from the initial value 
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loaded on the system increases the machine cycle count, 
when the count spillover, the timer generates an interrupt 
signal, to suspend the implementation of the main program, 
the system timer interrupt to the implementation of 
subroutine. Reversing the electric motor on the timer 
interrupt service subroutine program, then the timer 
interrupt time, the motor was turned over to the time, in 
order to achieve right motor speed control. 

B. Lift-degree modular design 
With trapezoidal speed curve, making the speed control 

process, first according to the conditions of all known 
determine the campaign need to go through several stages, 
then, be able to find the time spent in the paragraphs. 
According to this time as to determine conditions for the 
program provides each cycle speed, as well as the amount 
of feed per cycle. In controlling the movements of motor 
speed the process, discrete approach to approximate the 
ideal speed curve of the rise and fall. In order to reduce 
loading time of each step calculation, the speed of the 
discrete points needed to load the value of curing in the 
memory. In operation, using look-up table method to detect 
the required load value, thereby drastically reducing the 
time taken to improve the system response speed. In the 
implementation of the lifting-speed process control needs to 
prepare the following data. (1) the total number of steps in 
the process of speed up; (2) the total steps number of 
constant-speed running; (3) the steps number of decreasing 
operating; (4) lifting speed slope. The process is shown in 
Fig.2. 
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Figure2. Speed-up Process 

Smaller time tΔ , faster speed up and vice versa 
gradually slow. The size of tΔ  can be determined by the 
theoretical analysis or experimental. With without losing 
the fastest speed-step principle, then, each stairs running 
step number is NstfN ss Δ=Δ= , NΔ  reflects the 
relationship between run steps of each speed level and 
speed s. Procedures in the implementation process, each 
time the speed up a stall, we must calculate the steps we 
should take steps, and then descending inspection, when the 
reduced rate of zero indicates that the file has finished 
running, 1+← ss , promoted to another stall speed. he 
process of the law Slow down and speed up t and the 

process of the same, the process according to the opposite 
order. 

C. Interpolation module design 
System interpolator based on the input information (a 

straight line starting and ending coordinates, etc.) by 
providing for the internal operations, pro rata to the axis of 
the feed pulse. Use of upper and lower machine combining 
coarse and fine interpolation method, the data obtained 
from the host computer provides a starting point and finish 
line, start and end of the increment on behalf of X and Y-
axis motor movement in the distance, while the positive and 
negative represents the movement's anti - to the positive 
and negative, but also gives the feed rate. Under the crew 
out in the rough interpolation between two adjacent 
interpolation points, and then insert the mid-point, that is, at 
the output of the coarse interpolation, and then set up a 
pulse incremental interpolation points. It will be the 
location of each coarse interpolation increment value 

YiXi ΔΔ ,  as a small line segment that starting point for 
the (0, 0) end of ( YiXi ΔΔ , ) to pulse incremental 
interpolation. Then interpolation results with form of pulse 
are provided to position control loop, as to the quantity to 
control the stepper motor. The process of interpolation by 
hardware and software co-realization, this process can be 
divided into the following three steps to complete. 
1) Interpolation preparation. Pre-computed some of the 

constants may encounter in interpolation process, prepare 
for the following interpolation operation. One of these 
constants for a given program segment, as long as the 
calculation time, segment of the program after the 
interpolation process can be reused. 

2) Interpolation calculation. According to the 
corresponding parts of the outline of the type interpolation 
calculation method, interpolated a series of fixed-point 
coordinates and the corresponding location of incremental 
value. Mainly includes YiXiYiXi ,,,ΔΔ  four values. 

3) End discrimination. For the fine interpolation, that is, 
on the basis of rough interpolation of data points further 
intensification, every time interpolation in each coordinate 
direction of the stroke increments, to the form of pulses 
sent to the position control module or stepper motor drive 
systems. 

IV. THE MAIN CIRCUIT DESIGN 

A. Human-Computer Interface Module 
   In the control system, the need to implement the display 
of various functions, devices using a large-screen dot-
matrix graphic LCD display module to achieve. To 
facilitate the MCU operation, the 512K bytes of memory 
used to store the system needs 16 X 16 dot matrix Chinese 
character database, the interface displays the background 
maps. As the liquid crystal display built-in SED1335 
control system, in fact the control of liquid crystal display 
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into a control system of the SED1335 interface 
communication process, and simplifies the control system 
for liquid crystal display [3]. The system has a number of 
function keys, the keyboard arrangement of a matrix form, 
the determinant of the intersection set buttons on the 
keyboard can be realized through man-machine dialogue, to 
input parameters and control commands for the installation 
system.  

B. Communication circuit 
EPP protocol is a standards-compliant parallel port, and 

can complete the two-way data transmission protocols, 
providing a similar time division multiplex address/data bus 
of a system that enables the host driver of the non-
symmetric bi-directional data transmission [3]. Through the 
EPP parallel port, you can design a variety of interface the 
application circuit, due to its limited use of the signal line, 
the transmission of data must be divided into two cycles. In 
the design, using the data strobe lines, address strobe line, 
write the signal decoding method of lines combined to 
achieve the system read and write control signals.  

C. Detection and protection circuit 
In the stepper motor drive control, the use of over-

voltage protection and over-current protection [4]. When 
the power tube is cut-off, the motor winding inductance 
produces a very high anti-pressure. The diode and resistor 
in series paralleled with winding on to release the windings 
on the inductor storing energy. At the same time the circuit 
used in P6KE200A cis-state suppression diode as a 
protective role, 

When the voltage exceeds P6KE200A rated voltage, 
P6KE200A quickly reverse breakdown, from high 
resistance state into a low resistance state, and to interfere 
with impulse embedded in the specified value, thus 
ensuring the power FET from damage. In the circuit, 
comparator and sampling resistor, etc. constitute the over-
current protection circuit. Among them, stepper motor 
phase current through a series with the stepper motor 
winding circuit of small resistance of concrete resistance to 
detect. The resistor voltage drop and the comparator to be 
compared to the reference voltage control signal. When the 
current is too large, the sampling resistor voltage higher 
than the reference voltage, the output is low, cut off each 
phase of the pulse signal so that all power tube off, 
preventing the high-power tube caused by over-current 
damage. 

V. CONTROL SYSTEM SOFTWARE DESIGN 
Control system software design, including the 

development of microcontroller program, FPGA functional 
procedures, were used in assembly language, VHDL 
language preparation. SCM System software is based on 
message-driven thinking, it will enter the detection function 
and information processing functions separated. Input 
detection bear message testing, and its role similar to the 

Windows operating system in a multi-task environment, 
assumed the role of system monitor, that is  monitor the 
input changes, the formation of the message and the 
message on the agreement of the variable. Subroutine in the 
system is similar to Windows applications, namely, the 
completion of message processing tasks. Combination of 
the characteristics of SCM system software development, 
the basic principles of the message-driven microcomputer 
systems thinking applied to software design brief as follows: 
Normal system, each message processing function module 
is idle, when there is a corresponding message emerges, 
that it activated. That is, the message processing function 
module does not take the initiative to take up CPU 
processing time, but only by the system task scheduler, 
based on the current state of the system scheduling. 

PC-software, mainly for further processing the data 
achieved the man-machine interface, real-time location of 
dynamic display, curve display and other functions. SCM 
process composed of main program, communication 
program, interrupt control program modules, main achieved 
signal processing, communications processing, man-
machine interface and other functions. FPGA 
implementation of functional programming position control 
process control, pulse distribution, interpolation procedures. 
Process control functions, including linkage and the 
individual movement axis function, interpolation procedure 
is the basis for realization of multi-axis control. 
Programming needs to note the following issues: (1) chip 
set to the corresponding 8255 model, in the PC, must be 
handled by software handshake liaison work. (2) EPP mode 
and set the initial state, time-out bit (Status register bit 0) 
control [5]. 

VI. TEST RESULTS AND ANALYSIS 
Pipe butt weld quality inspection robot experiment, 

detection of defects crawler positioning functions: (1) 
automatically detect the starting point to start crawling, in 
the end automatic cut-off; (2) crawling speed and testing 
speed automatic conversion; (3) the positioning signal is 
given and the relative distance and orientation to determine 
the situation at the time of precise positioning; (4) identify 
the defect location emission isotopes; (5)after the precise 
positioning, automatic start crawling. The primary task of 
detection devices is to find defects department, precise 
positioning so that isotope emission source alignment 
defects Department, the detection device automatically 
stops. Experiments include the rise and fall speed 
characteristics of stepper motors, rapid nature of the state 
open-loop and closed-loop positioning performance.  

Detection system uses three stepper motors to achieve 
movement in the X, Y, Z three directions. Control system 
output control signals control the stepper motor to drive the 
probe and achieve the scanning process. Stepper motor 
using three-phase reaction type, working in three-phase six-
shot mode, step angle of 0.75 degrees, additional 
transmission sector gear ratio of 9/25, using a rectangular 
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scanning approach to scan weld defects. In the stepper 
motor no-load to 10Hz frequency start, pulse-counting 
method according to the gradual up-to 15kHz, rapid 
positioning location of weld defects. Pipe Butt Weld 
Inspection device is shown in Fig.3. 

 
Figure3. Pipe Butt Weld Inspection Device 

Stepper motor to run smoothly at this time to detect 
defects location, scan rapid deceleration, and thus a slower 
detection speed to continue their journeys. At the same time, 
began to detect defects in the information, the control 
system accurately measure the radiation devices and the 
relative distance between the defect centers. Crawler 
encoder can no longer rely on the actual location 
information, low-emitting devices adjusted to make stops at 
the defect center. Experiments showed that the crawler 
automatically scanning weld speed 350m/h, when the 
deviation of 10mm, its adjustment time is about 2.36s, the 
regulation has a smaller overshoot. When the weld with the 
scanning direction is always a certain degree of deviation 
angle, the nose should be continuously adjusted to ensure 
the accuracy of seam position. When the deviation angle is 
8° and the diameter is 400mm pipe welding, the weld will 
not trace. Seam bias to 15mm, while the tracking control 
for Weld Inspection, its seam scanning deviation is less 
than 1mm.  

VII. CONCLUSIONS 
Using VHDL as a design tool, programmable logic 

devices targeted carrier stepper motor control system may 
at any time depending on the application to modify the 
output pulse parameters to achieve pulse distribution. 
Upper and lower computer data enhanced parallel port EPP 
is an efficient way to communicate real-time 
communication mode, data transmission speed, reliability, 
simplicity of hardware circuit, etc. are greatly improved. 
Modular design approach, which makes them more 
convenient system expansion, system has portability high, 
greatly increasing the flexibility of the system, with a wide 
range of adaptability. Experiment to prove the control 
system functions to meet the design requirements, control, 
flexibility, high integration, the drive reduces the size, 
reduce development costs, and effectively improve the 
operation of stepper motor system effects. 
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