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Abstract. Industrial Roboticsis a vast field with a high growth. There are many enthusiasts, students and teachers who
build simple robotic manipulators using servo motors, due to its low cost and ease of use. These systems usually are
microcontrolled and one of various types of microcontrollers used is the PIC. A robotic manipulator with five degrees
of freedom can have five or more servo motors units, which can be controlled using a microcontroller. The
microcontroller, however, has limitations to control a very large amount of servo motors efficiently, which may lead to
use of a greater number of microcontrollers, making the system more costly and complex. The aim of this study is to
design and build an electronic circuit capable to control simultaneously up to eight servo motors using only one
microcontroller and three programmable timers. The number of servo motors to be controlled only depends on the
number of programmable timers used. A Graphical User Interface (GUI) was created to make easier the interaction
between the micrcontroller and the user. The developed system has been tested on an educational robotic manipulator
with five degrees of freedom and seven servo motors. The results indicated that the proposed system is able to control
the servo motors of the manipulator efficiently.
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1. INTRODUCTION

The industrial robotics is a vast field and it feadhigh growth in the last decades (Craig, 2005)n\Mare their
enthusiasts, students and teachers who build bwhipulators using servo motors and microcomrslftC). The
servo motors are widely used due to its low weigbst, size and good torque provided (lovine, 2004% servo motor
has an internal control system that receives aepuésn (Fig. 1) in a frequency between 50 Hz a@dH&, where the
pulse width ‘t" indicates the position in which tiservo should be. Then, this signal is compareth witir current
position, driving the servo according to that diffiece. For a good positioning precision, this dignast be sent
continually. This artifice causes the servo to ren@nergized and capable to maintain in the positibich was sent.
Additionally, it can withstand a heavier load tharmally would when turned off.
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Figure 1 — Pulse Train example to be sent to thers®

Microcontrollers are often used to control the semotors, which can be purchased with DIP packatiewing
the assembly of prototypes in protoboards, as itgelbw cost and wide availability of documentatiém efficient way
to control the servo motors would be the use ofitibernal timers of aC (Sandhu, 2009), but that is limited by the
number of timers available. Could be used more treauC, but not without adding some complexity in terofidoth
software and hardware, plus an extra cost by@& A less efficient solution would be dividing ttimers between the
servos, without controlling them continuously aididtaneously.

Within this context, the objective of this study sveo design and build a circuit that allows simodtaus and
continuous control of the servo motors of an edanat robotic manipulator, using only&C. The proposed circuit
demands only a minimum computational time from th& In the Figure 2 is shown the educational raboti
manipulator used to test the circuit, which waseal@ped in the Automation and Control Laboratoryhaf Mechanical
Engineering Department of UFMG (Bustamante et@093.
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Figure 2 — Draw of the educational robotic manipuléor used in this work
2. CONTROL CIRCUIT

The control circuit developed to control the semotors can be divided into three areas identifigdefters A, B
and C (Fig.3): theuC circuit and their auxiliary circuit are in area #he integrated circuit (IC) 8253 in area B and th
auxiliary circuits in area C. The red tracks are tipper side of the circuit and the blue trackstlaeelower side of the
circuit. This study used the PIC18F4580, but any other microcontroller could be used.

PIC 8F455Q
Circuit

Figure 3 — Printed Circuit Board Layout

The IC 8253 is a programmable timer/counter, oftesad in motherboard chipsets, which has three emtbgnt
internal timers (Sharp-MZ, 2002). In this studye tfimers are configured to operate in the moded. Jawnly. The
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mode 1 changes the output logic level to high evtieng that the timer ends the counting, repeatimggprocedure after
detecting each trigger rising edge, and is respimdor generating the pulses with a pulse widtbhatdo the time
counted. The mode 3 generates a clock signal Wwélpériod value to be counted, as long that tiggeri pin remains at
the level logic high. This mode is responsible tleg external interrupt on the PIC and the trigggna used by the
other timers that work in mode 1. There is anotfecalled 8254, which has all the same functiorediof the 8253,
except that can work with higher frequencies. Eatbrnal timer has a trigger pin, a clock pin amdcatput pin, as
shown in Fig. 4.

MODE 1: PROGRAMMABLE ONE-SHOT MODE 3: SQUARE WAVE GENERATOR
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Figure 4 — Two modes of operation and the Block Dgram of 8253/54 IC

The 8253 can use a clock signal with the frequanxiyo 2.6 MHz and the 8254 up to 12 MHz. The irdétimers
operating at mode 1 are linked in their triggeninwith the signal out of the mode 3. The pulsasegated by the mode
1 are inverted in relation to the signals requivgdhe servo motors, and that is corrected by uaitagical NOT in the
internal timers output.

The 8253 advantage is its ability to continuallpgete control signals, where each internal tirmeesponsible for
one servo, without the PIC direct intervention.sTédntinuity in the control signal allows greateeqision in the servo
desired position, as well as the capacity to snstajreater load without relying only on the ireextf the servo motor
gearbox.

The auxiliary circuit executes the details for tw@rect operation of 8253, performing three baaigks, namely:
choosing one of the three 8253 ICs to be acceasdulgathe configuration process, generating thelckignal for each
IC and inverting the output signal of the intertialers. The clock is generated by dividing the kleignal of a 4 MHz
crystal by 4 and 16, resulting in a clock of IMH®W&50 kHz, respectively.

Because the 1 MHz frequency used, the PIC is aldenfigure the 8253 timers with a resolution oftofd ps. One
of the improvements to the system could be to umdg @ne source of 1 MHz clock, saving tracks and iCthe circuit
and thus making it simpler and easier to manufactiinother improvement would be to use a 2 MHzlglamproving
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the resolution to 1/2 ps. It is noteworthy thattsebanges do not bring any difference to the césignals sent to
servos, thus not harming the results of this study.

The circuit was designed to allow the use of theratontroller USB port and to access the unusedocintroller
pins. The circuit has a 5 V voltage regulator, setdutton and a button connected to RB4 port walichws to record a
new program using the PIC18 bootloader.

The PIC primary role in the system is to configtive 8253 internal timers at every two cycles oH&)(or every 40
ms), thus allowing the velocity and accelerationtoa of the servo motors. The configuration acisibally on the
internal timers that work in mode 1, setting thadito be counted or the width ‘t’ of the pulse.ohder to avoid any
interference in the pulse generated by the intdimedrs , the configuration process must occuhanftilling edge of the
50 Hz clock.

Figure 5 shows the fabricated circuit, with the Rid the 8253 ICS, working to generate the outpyiats
necessary to control the servo motors. As can &e isethe oscilloscope, the pulses have a frequehb® Hz (20 ms).

"""

Figure 5 - Fabricated circuit and their signal output
2.1. Velocity Control

The purpose of the speed control is to make theosmotor obey a speed profile similar to the onevshin Figure 6.
After setting the desired speed, the motor mustlacate to achieve it and then decelerate (Fig. IBadhe case of
reaching the halfway path without obtaining theimbek speed, the servo will be obligated to begia pinocess of
deceleration (Fig. 6b).
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Figure 6 — An ideal servo motor velocity curve

The servo speed control is obtained by controlthrgy servo position in time. That is made by cofitrglthe pulse
width sent to the servo, increasing the width igradual and constant way, until it reaches therdésralue. In that
way, the velocity will be proportional to the inanent of the pulse width. Acceleration is controlleda similar
manner, where the pulse width increment (veloé&yjonstantly increased until it reaches the ddsiedue.

Figure 7a shows the speed and acceleration comthare the velocity is constantly increased untiledermined
value and then reduced to zero. Figure 7b showpulse width (in ms) of the control signal senthe servo motor, as
well its changing in time as an effect of its vélpcAs explained, each pulse has a width ‘t', whéne value of ‘t’
indicates the position that the servo should mdve 8253 IC is responsible to generate these pblgamunting a

time ‘t" in their internal timers, which was preusly configured by the PIC, and repeating thesetings at every 20
ms.
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Figure 7 — Curve of velocity (a) and position (b) fothe output signals sent to control the servo mots

The results were collected by eye observation, imxdhe lack of sensors that could measure the seotor
position. The servo motors movements was alikes gnaph when they have little or no load. Signiiicarrors that a
human eye could notice occur when the servos nédghar torque, showing a delay at the start of ttm@vement and
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consequent increase in speed at the end with aiptadbeceleration. This could be corrected by usiiffgrent values of
acceleration for different loads or making a cloksp.

2.2. Graphical User Interface

A graphical user interface (Fig. 8) was developsitigi MatLab, Mathworks Inc., which allowed an eaewntrol of
the robotic manipulator. The GUI communicates wfite PIC using the HID (Human Interface Device) pcol. The
advantage of this protocol is the ease of idemtgfythe device to which you want to connect withitvet need for user
intervention, as would occur in a serial commundrat

’ CUManipulador e | 5]
. e e
{— Comunicagéo ————— i PR — Panel
) Conectado
[~ coordenadas ———— el : e b o P 180, 0, 110
S : i, L : T : N P 0, 180, 110
Cartesianas : |- 0, -120, 8098
% 0 :
T
e -120 :
z 90
| Maover i
s . ‘i‘ Subir Descer
Cilindricas i |—| |—|
Theta | 0 ) : Eet ; I N [ o |
' AT e e -
: ! Bis H ] i
Rha 120 e ; P : : ! i
z 0

— Tipo de movimento

Alpha' 0 @ Junta-Junta

Junta & ] (7) Linear (N&o Implementado)

| Executar em Loop

Executar

Figure 8 — Graphical User Interface developed on M&ab

The GUI is responsible for calculating the positainvhich the servos must be, given a point andriemtation in
space, and to calculate the movement at Joint-Speltemes of the manipulator, where the servos staittand finish
the movement together (Craig, 2005). For this typmovement, the algorithm calculates the spedtetervos based
on the speed of the servo that should travel thgdst route. The result is sent to the PIC thrdug§B port, that in turn
will run the speed and acceleration control to hethe new position.

3. CONCLUSION

With the use of the programmable timer, the sinmgtais and continuous control of the servo motocsaine
computationally simple and efficient. The 8253 KCeasily found with an accessible cost. The onbblgm is the
tracks complexity that forces the use of a cirbaiard with two sides. Now, the educational robat&nipulator built
in the Automation and Control Laboratory gets cidsean industrial robotic manipulator on its mowants, making it
easier to understand and learn, and that is aibatitm to the work done previously by Bustamartt@lg2009). The
built circuit can be used for any situation in whigne of the five modes of the programmable 82%2ttiis useful with
any other microcontroller than the PIC18F4550.
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