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Abstract— In the present living conditions people with muscle weakness and partial paralysis of limb are increasing day by 
day. To perform daily activities for such people an assistive device is necessary, in order to make them perform daily 
activities an assistive device is required which is motorized. This paper focuses on the control system design for such a 
device. In this paper a driving circuit to actuate the motorized assistive device is designed, fabricated and controlled in a 

more simple form with minimum resources and affordable cost. Stepper motors are used for locking mechanism movement 
for their higher simplicity, low cost, high reliability, high torque at low speeds and higher accuracy of motor. The driving 
circuit for the supervisory control of stepper motors to lock and unlock knee for both limbs during locomotion is designed. 
The entire operation is made closed loop with the help of feedback circuitry. The controller used for driving the motor is PIC 
18F452. 
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I.  INTRODUCTION  

The population of the elder people is increasing in India, it is to be expected that 10% of people in total 

population of India having the age sixty five years old and over in 2015. As the people age increases their 

physical functions degrade. Normal walking requires muscular strength, joint mobility and coordination of the 

central nervous system. The absence of any of these capabilities can challenge a person‟s ability to walk. People 

with partial or complete paralysis of the lower extremity may require orthotic intervention for stability during 

stance. These individuals can use the developed model which can compensate for severe weakness of the lower 

limb muscles. The proposed model is simple, cost effective and easily implementable. The main functions of the 
developed model are to  

1. Resist flexion in stance while allowing free knee      extension and  

2. Permit free knee rotation in flexion and extension when the braced leg is unloaded in swing.  
A stepper motor can be a good choice whenever controlled movement is required. They can be used to 

advantages such as higher simplicity, since no brushes or contacts are present, low cost, high reliability, high 

torque at low speeds, and high accuracy of motion in applications where you need to control rotation angle, 

speed, position and synchronism. This application presents a driver with capable of controlling acceleration as 

well as position and speed. 

One of the most significant advantages of a stepper motor is its ability to be accurately controlled in both 

open loop system and closed loop system. Open loop control means no feedback information about position is 

needed. Whereas in closed loop system the position or posture of the subject is considered as feedback and the 

stepper motor is controlled accordingly.  This type of control eliminates the need for expensive sensing and 

feedback devices such as optical encoders. The position is known simply by keeping track of the input step 
pulses. In this paper a driving circuit is designed, developed and controlled in a more implantable form with 

minimum resources and affordable cost. The driving circuit controls stepper motors in both clock/anti-clock 

wise directions. The simulated results are checked with the hardware setup. 

II. SYSTEM DESCRIPTION 

The Proposed system can be represented by the following block diagram shown in Fig.1. The entire operation 

of the blocks is explained briefly as follows with the wired diagram as shown in Fig.2. The input from the power 

supply unit (230v Ac) is converted into 12v AC by means of a step down transformer, the output of this is used 

as input to bridge rectifier circuit. Here in this system three bridge rectifier circuits along with regulators are 

used. Two bridge rectifier circuits will produce output of 12 V DC with the help of regulators 7812. The outputs 

of the 7812 regulators are used as an input supply for Motors and the driver circuit [1]. The third bridge rectifier 

will generate 5 V DC with the help of regulator7805 [2]. The output of the 7805 regulator is used as an input to 
the PIC. The PIC will generate pulses to drive the stepper motors according to the requirement. As the output 

voltage of the PIC is in mV, driver circuits are used to drive the stepper motors. 
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Fig.1 Open loop stepper motor system 

 
Fig.2 Wired diagram of the multi-stepper motors system 

A. Microcontroller PIC18F452  

Microchip Technology introduce an 8-bit microcontroller called the PIC, which stands for Peripheral 

interface controller [3].This microcontroller had small amount of data RAM, a few hundred bytes of on-chip 

ROM for the program, one timer and a few pins for I/O ports, all on a single chip with only 8 pins. The PIC18F 

family has the highest performance of all the families of 8 bit PIC microcontrollers. The fact that PIC 18F is also 

available in 18-to 80-pin packages makes it an ideal choice for new designs because it allows an easy migration 

to more powerful version of chip without losing software compatibility [4]. The pic18 has a RISC architecture 

that comes with some standard features. The architecture is shown in Fig.3. ROM is used to store programs so it 

is called program or code ROM. PIC 18 has 2 MB of program ROM space. It size can vary from 4 KB to 128 

KB.  

 
Fig.3 Architecture of PIC18F452 

B. Driver ULN2803 

This driver circuit is designed based on the stepper motor current ratings ,if the current rating of the stepper 
motor is below 500 mA then ULN2803 or ULN2003 driver IC is selected which is an 18 pin DIP or 16 pin DIP 
[5]. If the stepper motor current rating is more than 500 mA, then design of the driver circuit is needed. The 
following circuit shown in Fig.4 shows an interface to a unipolar stepper motor using transistors. Diodes are used 
to reduce the back EMF spikes created when the coils are energized and de-energized. TIP transistors can be used 
to supply higher current to the motor. 
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Fig 4 Using transistors for stepper motor drive 

In this paper stepper motor current rating is below 500 mA so here ULN2803 can be used. It consists of 8-bit 
TTL-input NPN Darlington sink drivers. Each Darlington Driver can handle a maximum of 500mA continuous 
(when using a single channel only) and can withstand a maximum 50V in its off state. This makes the ULN2803 
well suited to provide an interface between the low logic level interfaces and higher current/voltage devices such 
as relays, solenoids, motors and lamps. The ULN2803 is designed to be compatible with standard TTL families. 
The output of the ULN2803 is "inverted". This means that a HIGH at the input becomes a LOW at the 
corresponding output line. The ULN2803 described is an "8-line driver". This means that it contains the circuitry 
to control eight individual output lines, each acting independently of the others. The IC can be thought of an 8- 
line 'black box'. The 'schematic diagram' is shown in Fig.5.  

 

Fig 5 Schematic connection diagram of ULN2803 

C. Unipolar stepper motor 

Unipolar stepper motors are used as actuators for the supervisory control unit to control position of assistive 
devices with fixed angular rotation and fixed speed. The five wire unipolar motor has one wire connected to 

each of the four poles and one common wire [6]. However, there is approximately 30% less torque available 

compared to a bipolar winding. Torque is lower because the energized coil only utilizes half as much copper as 

compared to a bipolar coil. 
The Unipolar stepper motor sequence is as indicated in the Table.1. The stepper motor is made to rotate 900 

with the help of the pulses generated by the PIC micro controller when the input is „zero‟, the stepper motor will 

rotate clockwise direction and when it is „one‟, the motor will rotate in anti-clockwise direction. 
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Table.1 Sequence of unipolar stepper Motor 

 

D. Switch 

The switch which acts as an input to the PIC microcontroller holds the key to convert the circuit into open 

loop or closed loop. A binary switch is used in case of the open loop system and a bell type push button is used 

for the closed loop. The switch is the input to the PIC microcontroller which gives the binary outputs for the ON 

and OFF of the stepper motor respectively. The switch delivers the pulse to the micro controller and outputs an 

on-off signal depending on if there is force being applied to it.  

III. SIMULATION CIRCUIT AND RESULTS 

The proposed control circuit is implemented using software module like Proteus as shown in Fig.7. For the 

purpose of coding the software package used is MPLAB [7]. The output pulses of two stepper motors in 

clockwise and anticlockwise directions are shown in Fig.8 and Fig.9 respectively. 

 
Fig 6 Simulation circuit of the proposed System 

 

 
Fig 7 Output pulses of stepper motor in clock- wise direction 
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Fig 8 Output pulses of stepper motor in anti-clock wise direction. 

IV. HARDWARE SETUP AND RESULTS  

The hardware setup for the proposed method consists of the following  

A. Minimum Hardware connections of PIC18F452  

The Minimum Hardware connections circuit board is as shown in Fig 9. Two pins are used to provide 

supply voltage to the chip. Two pins are also used for ground. In chips with 40pins and more, it is common to 

have multiple pins for Vcc and Gnd. This will help reduce the noise (ground bounce) in high-frequency systems. 

The quartz crystal oscillator is connected to input pins OSC1 & OSC2 pins.PIC 18F microcontroller can have 

speed of 0 Hz to 40 MHz.Pin1 (in PIC 18f452 40-pin DIP) is the MCLR (master clear reset) pin. It is an input 

and is activated-Low (normally HIGH).When a low pulse is applied to this pin; the microcontroller will reset 

and terminate all activities. This often referred as a power-on reset (POR). 

 
Fig 9 PIC 18f452 minimum hardware connections 

B Bridge rectifiers, Regulators and driver circuit  
The bridge rectifiers, Regulators and driver circuits used to convert 230V Ac to 12V DC and 5V DC to 

give as input to the stepper motor and the PIC controller is shown in Fig 10.  
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Fig10 Bridge rectifiers, regulators and driver circuit 

 

 
Fig 11 Buttons to give the input to PIC 

 

 The complete hardware setup and the corresponding output pulse of PIC is as shown in fig 12. 

 

 
Fig12 Hardware control circuit of two stepper motors 

V. CLOSED LOOP OPERATION  

The closed loop operation for the above circuit can be done by replacing the switch with a pressure sensor. 

Whenever there is any pressure sensed by the sensor, the sensor will give the input to the PIC microcontroller 
which in turn rotates the stepper motor clockwise or anti-clockwise direction as written in the program. For the 

laboratory purpose, the sensor is been replaced with a push button. The bell type push button gives the signal 

when the pressure is applied just as the sensor. When the pressure is removed, the motor rotates in the opposite 

direction.  

This approach can be applied to much number of applications. For example, it can be used for the biomedical 

purposes such as assistive device. The stepper motors operation can be used for the locking and unlocking of the 

knee in assistive device. A foot sensor/bell type switch can be placed under the heel which will send pulse 

during the stance phase of the gait cycle and locks the knee with the stepper motor action and during the swing 

phase as the pressure decreases on the bell type switch, it sends pulse to the stepper motor which rotates and the 

knee unlock for the knee to bend during movement of the subject. Thus closed loop control of the above 

proposed circuit can be obtained where the motors will rotate based on the position or posture. 
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VI. CONCLUSION 

In this paper driving circuit of two stepper motors is designed which can be applied in many applications. A 
software code has been written in C to control the position of two stepper motors. The program is verified by 

MP LAB and Proteus. By using programming technique we can easily control stepper motors in required 

manner. In this paper a driving circuit is designed, developed and controlled in a more implantable form with 

minimum resources and affordable cost. The proposed mechanism is checked with the hardware developed and 

result seems to be satisfactory.  
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