Progresses on the Design of Small

Flexible Automated Guided Vehicles

Dinis Fernandes, Luís Farrolas, Pedro Brito, Pedro Lima

Instituto Superior Técnico, Universidade Técnica de Lisboa

Dept. Engª Electrotécnica e de Computadores

Instituto de Sistemas e Robótica

1096 Lisboa Codex - Portugal e-mail: pal

" isr.ist.utl.pt

Abstract

T his paper describes the sensing and control systems of

an Automated Guided Vehicle (AGV) designed to

followan optical track in the absence of heavy

obstacles. T he systemuses infrared (IR) sensors to

followa floor-painted track and to detect and recover

froma track interruption bysearching and moving

towards a passive beacon. T he onboard systemincludes

guidance and speed feedback controllers running on a

80C552 microcontroller, infrared sensors, optical

encoders and PWM motor actuators.

Keywords: AGV, optical guidance, microcontroller,

beacons, infrared sensors.

1. Introduction

Modern factories require means of transportation

controllable bya main scheduler/supervisor. T his

motivates an increasing use of Automated Guided

Vehicles ( AGVs) in automated plants and other

reasonablywell-structured environments. AGVs are also

currentlyused in the service sector, carrying and

distributing light loads with efficiency

> 2

ª of the maximumamplitude of the received beamsignal is detected and stored. Hence, the orientation of the passive beacon with respect to the vehicle is computed.

Figure 11 - Angle a between the AGV and the beacon

After ª is determined, the PWM signal send to the steering servo is computed bymultiplying ª bya gain

K b

and adding the result to the PWM signal corresponding to the zero direction 1 (PWM):

PWM d

PWM

0

K b

a = + × (2)

Figure 12 - The track finder control loop.

1 The zero is defined as the longitudinal axis of the AGV (e.g., the beacon is in front of the vehicle).

1 3 6 4 5 8

Track

7 2

1 cm

SENSO

R IR

controller AGV

Steering

Servo

Beacon

Sensor a

PWM controller AGV

Steering

Servo

Track

Following

Sensors d

PWM

-

+ Des.

Track

After checking the limit PWM values , the signal PWM

is sent to the steering motor drives.

3.3.3. The speed control algorithm- T his algorithmis

implemented as follows: every0.25 seconds a

microcontroller´s internal timer triggers an interrupt

handler that reads the present value of a counter. T he

counter accumulates the number of pulses occurred at

the encoder´s optical switch output since the last

interrupt. We call this value I . T he reference value I

ref

for pulses (therefore for speed) is stored in the

microcontroller´s board memoryand is compared to the

counter output, generating the error signal, subsequently

multiplied by an internally stored gain (see Eq. 3),

PWM

s

K

s

(I

ref

I) = - (3)

giving the PWM incremental value that will be added to

the current PWM value.

Figure 13 - The speed control loop.

4. Concluding Remarks

T his paper described the design and development of a

flexible optical AGV, robust to environment light

changes and different reflective floor properties. T he

vehicle can also recover fromtrack losses, assuming that

there exists a passive beacon above the track resuming

point. T he onlylimitations to track following and speed

were imposed bythe mechanical characteristics of the

vehicle.

Currently, the vehicle can followa track with lines and

arcs of different orientations, crossings and alternating

background vs. track colours. It can also detect and stop

on a docking bay, represented bya 5cmwide and 20cm

long track perpendicular to the main track,

distinguishing this froma crossing. T he beacon

following algorithmis also working but has not been

integrated with the track follower yet.

On-going research seeks the extension of this work by

using an additional optical RAM sensor to improve track

following and beacon detection. A trend towards a

distributed control scheme, with a 80386-based central

controller and several PIC16C74-based controllers for the different sensing/control/actuation loops is also being

considered. It is expected that this will lead to small,

flexible, relatively cheap and reliable AGVs.

Acknowledgements

We would like to thank the following Portuguese

electronic companies which financiallysupported this

work: Sistel, T ecnisis and Honeywell, as well as to Caixa

Geral de Depósitos, Instituto Superior T écnico, the

Ministério da Indústria and PRAXIS grant

#PRAXIS/3/3.1/T PR/23/94. Last but not the least, we

would like to thank Prof. Maria Isabel Ribeiro, for her

constant support, and Eng. João Serralha, for his friendly

help and technical support.

References

[ 1 ] Jones, J. & Flynn, A., ^Mobile Robots - Inspiration

to Implementation~, A K Peters, 1993.

[ 2 ] Flament, B., ^T he Design, Development and T esting

of a LowCost Automated Guided Vehicle for Use in the

Service Sector and Light Industry~, M.Sc. Thesis, 1990.

[ 3 ] Dinis Fernandes, Luís Farrolas, Pedro Brito, Pedro

Lima, ^Design and Development of a Flexible

Automated Guided Vehicle~, T ELEMAN HCM

European Union Undergraduate Students T elerobotics

Congress, 1995.

I ref controller

Motor

Optical

Encoder

+ Counter

I

PWM

-

+

Speed