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Abstract –  The paper deals with some modern design 
tools for preparing a motion control experimental 
platform for the stepper motors. Intended as a training 
tool for the terminal year students in electrical 
engineering, this platform involves both software and 
hardware knowledge, from simulation to the 
management of the peripherals for microcontrollers. 
Some classical but useful tools, like the algorithmic state 
machines, are implemented in software. A new very high 
level programming language is considered: Flowcode. It 
delivers both the source code, the object code and a 
powerful graphical user interface for a virtual test of the 
application. A next paper will present the physical 
support for the platform. 
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1. INTRODUCTION 

The training of the future electrical engineers in the 
digital control theory and practice is not only a more 
and more important part of the nowadays teaching 
curricula but implies many aspects and available tools. 
The preoccupations of universities in improving both 
the background content and the computed aided 
support are obvious – [3], [9], [10], [12]. In the 
information era there are many new training tools; 
sometimes an optimization strategy could be 
necessary, related to a well balanced answers to the 
arisen questions: the virtual training could be a 
valuable alternative to physical platform? does it 
matter if the students make real manipulations with in 
front equipment or if they use a remote control 
laboratory far away? the classical design tool for the 
standard digital circuit have still a justification in the 
microprocessors era? which modelling and simulation 
tools are closed enough to the practical 
implementation? The stepper motors are the best 
known applications for the digital control, beginning 
with the standard TTL circuits. Now, this area is full 
of performing and various solutions. However, the 
interest in studying and making new researches is still 
alive – [2], [5]. Not only because the use of stepper 
(robotics, machines tools, special laboratory 
equipment) justifies this interest but new improvement 

are still possible. For the training of the students in 
electrical engineering, the stepper control will be 
always a valuable support in the understanding, 
designing and experiencing both hardware and 
software knowledge and tools. In this meaning, the 
author presents a modular system with several 
components: the tasks identification, the preparing of a 
background knowledge by modelling and simulation 
(including animation), the design of the associated 
automata (with tests of the results with the available 
software, the design of the control program, the 
hardware design, implementation. 

2. THE SPECIFICATIONS AND THE DESIGN 
STAGE 

 The system must be designed as a modular platform 
based on a RISC microcontroller (µC). A first step is 
to specify the functions of the equipment and the main 
on-line tasks for the stepper control and the associated 
principle solutions: 
- the phase commutation (on/off), by sending specific 

control binary words to the output digital port of the 
µC; 

- the time delay for a step in order to obtain the control 
frequency and, by that, the motor speed; 

- the acquisition of: 
  - digital inputs for: 
     - Start / Stop; 
     - direction for the motion: Direct / Reverse; 
     - selection of the control sequence (full step single 

phase supplied, full step two phases supplied, 
half step);  

     - erasing of the LCD. 
  - analog input (potentiometer) for the speed 

reference; 
- the step counting; 
- the displaying on LEDs and LCD of several data: the 

state of the motor; the direction; the control sequence 
type; the motor speed; the number of steps made by 
the motor (with sign); the program version. 

The design stage means: 
- the investigation on the possibilities to benefit from 

available programs/models/tools inside some 
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universal programming platform, like Matlab / 
Simulink, Simplorer (rich in Toolboxes and 
applications) – [4], [11] and operation with models 
and simulations (found, created); 

- the synthesis of the sequencial equations for the basic 
controls (by classical methods) and their test by 
mean of an appropriate simulation program on 
computer; 

- the computation of the program data for the real-time 
control (timer programming, mainly); 

- the choice of a programming support for the real-
time control, the program design and its simulation 
using all similitudes with the target plaform; 

- the hardware configuration, by pre-fabricate 
modules, including or not new own boards (drivers, 
motors, connection elements); 

-  the program transfer into the µC; 
- the on-line experiments and the improvment of the 

program and data.   

3. THE PREPARATORY DESIGN 

A first model could be made in a general-purpose 
program, like Matlab/Simulink. Fig. 1 presents such a 
model for the stepper control. For a virtual 
instrumentation similar with the real equipment, 
another programs (like MultiSim – [16]) could give 
good solutions. An intuitif and relevant study for the 
control sequence is possible by using an animation 
program – [1], fig. 2.The results will be helpful in 
filling a control table for each control sequence.  
For the Start / Stop controls, operated alternatively 
from the same puch-button, there several possibilities: 
a. The design of a C sequence inserted in the control 
program: 
vButtonReleased=1; 
{  if (button pressed) 
 { if (vButtonReleased) 
  { change way(); 
   vButtonReleased=0 
  } 
 } 
 else { vButtonReleased=1; 
  } 
} 
b. The sinthesys of an algorithmic state machine 
(ASM) as for the classical wired circuits with logic 
gates; 
c. A specific real-time sequence based on the interrupt 
system of the microcontroller (each new request will 
complement a state variable).  
The variant b was tested in simulation and the real-
time final solution was c. For the motion directon 
(Direct / Reverse), an ASM was designed (Huffman 
synthesis) and, then, the equations were implemented 
in Flowcode instructions: 

2111211211 yByBY;yByBYVDir ⋅+⋅=⋅+⋅==   (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These equations were verified using a computer 
program for the digital circuits, the freeware Digital 
Woks - [14]. B1 is the push-button Direction 
connected to the bit B1 of the port B. Yi and yi are the 
secondary functions and the secondary variables, 

Figure 1:A Matlab/Simulink model for the controller 
and the phases pulses. 

Figure 2:  Animation for extracting the control binary 
words. 
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respectively.  
B2 is the push-button for the sequence type; the first 
press is for the full step (single phase) control, a 
second one is for the full step (double phase) control 
and a last one is for the half step sequence. The ASM 
equations obtained by the same synthesis method 
(Table 1), are: 

        12012012 yyyyByyBSS ⋅+⋅⋅+⋅⋅=        (2) 

               022122 yyByyBDS ⋅⋅+⋅⋅=               (3) 

       02122122 yyyyByyBHS ⋅+⋅⋅+⋅⋅=        (4) 

            02220220 yyyByyBY ⋅+⋅+⋅⋅=           (5) 

    0202120221 yyyyyByyBY ⋅+⋅+⋅+⋅⋅=     (6) 

                1222122
yyyByBY ⋅+⋅+⋅=                (7) 

The  simulation  of  the circuit  (under  the  same  
Digital Woks program) activates both local display 
elements as the recording of the signal diagram – fig. 
3. For the final instructions/blocks (Flowcode), some 
optimizations were made by using supplementary 
variables joining the most common blocks from (5), 
like: 

V1= y2.y0; … V6=B2. y1. 
 

 
B2 0 1 SS SD SF 
 
 
B. 

1 2 1 0 0 
3 2 0 1 0 
3 4 0 1 0 
5 4 0 0 1 
5 6 0 0 1 
1 6 1 0 0 

x denotes a stable state. 
Table 1. The control sequence synthesis table - 2 variants.  

B2 0 1 SS SD SF 
 
 
A. 

1 4 1 0 0 
2 5 0 1 0 
3 6 0 0 1 
2 4 0 1 0 
3 5 0 0 1 
1 6 1 0 0 

 

4. THE CONTROL PROGRAM 

A powerful very high level language program was 
preferred – [15]. The main loop is presented in fig. 4.  
Fig. 5 gives the image of some modules (the interrupt 
routine associated with the Start / Stop control, the 
time delay, step counting and its displaying, for the 
ASM implementation) and presents a part of the 
ghaphical user interface in standby mode, making 
visible the activated modules (from all 25 units) and 
the variables. 
 

 

 

 

 

 

                

 

 

 

 

 

 

 

5. CONCLUSIONS 

The computer age brings always new tools both for the 
software and the hardware design associated with 
motion control applications. A more or less complex 
platform for the stepper motors remains a fruitful 
teaching application. The paper reveals the design 
chain using different classical methods and modern 
tools for modelling/simulation of the control structure. 
The author considers a new and powerful graphical 
language for the control program (Flowcode), with 
many facilities in exploiting the hardware and 
software abilities of the target microcontroller. 
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 Figure 4: The main Flowcode program (loop) for the 
stepper control. 
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Figure 5: Samples from the Flowcode program for the stepper  motors. 
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