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AGV SYSTEM CONTROL IN A GROUP TECHNOLOGY

Bilic, B.; Bajic, D. & Veza, I.

Abstract: The article deals with algorithm that optimizes load routing in tandem AGV systems. The algorithm takes care about temporary conditions of production system and predetermined task schedules. Also it reserves times and defines vehicles for transport tasks performing.
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1. INTRODUCTION

There are two types of AGV systems: a conventional network and tandem configuration AGV systems. In a conventional network system each vehicle is allowed to serve any station in the system. A tandem AGV was first proposed by Bozer and Srinivasan (1989, 1991, and 1992). It is based on partitioning all the stations into non-overlapping single-vehicle closed loop with an additional transit area (bidirectional transit station) provided as an interface between adjacent loops. Each loop contains only one vehicle. Each work station belongs to only one loop. Tandem AGV systems support the effective implementation of group technology since each loop (or a subset of loops) may be viewed as a cell.

2. A LOAD-ROUTING PROBLEM IN A AGV TANDEM SYSTEM

When a load (material) arrives to output buffer of station in production system, it is necessary to determine the transport route of load to destination. If the load has to be transported to the station that is situated in another loop, it is necessary to use two or more vehicles. In that case the transport time between stations change dynamically. Route with shortest travel time, as well as material quantity that will be transported is determined by solving the load routing problem. The empty vehicle dispatching rule is one of the factors that influence the load routing problem. Different empty vehicle dispatching rules exist. Among them, the most usable is FEFS (first-encountered-first-served) rule. Under this rule, a vehicle which has just delivered a load will travel empty to inspect the output buffer of each workstation and transit station in that loop in order to locate next move request.

3. LOAD-ROUTING ALGORITHM

This algorithm (Fig.1) optimizes load routing in the unidirectio-nal and bidirectional AGV tandem systems. The algorithm takes care about temporary conditions of production system and predetermined task schedules. Also it reserves time and defines vehicles for transport tasks performing. It bases on branch and bound method. Past experiences of this method were in optimization of transport path in traditional AGV systems (Kaspi & Tanchocco, 1990). Algorithm uses FIFO (first-in-first-out) rule of empty vehicle control. According to FIFO rule transport tasks are performed in order of appearing in the system. Assumption and constraints in algorithm application are:

1.
Input material quantity in process station is equal to output material quantity.
2.
At the same time vehicle transports only one transport unit.

3.
The buffer size of all workstations and transit stations are infinite.

4.
Intrastation travel time of vehicle is ignored.

5.
The effects of acceleration and deceleration on the vehicle velocity are insignificant.

Condition in the production system is described by the transport tasks schedule. Transport task schedule contains tasks for every vehicle arranged according to perform sequence. In task list following data have to be defined:

· transport task description (e.g. start and destination station),

· starting ta and finishing tb time of reserved time intervals for performing transport tasks in the loop k.
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-
concluding time of the last traveling on the currently task schedule of vehicle k,


[image: image2.wmf](

)

k

d


-
the destination station of the last traveling on the currently task schedule of vehicle in the loop k.

Every vehicle must start and finish transport task within predetermined time interval
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tin
-
loaded-vehicle travel time from station i to j on the same loop,

tl
-
time taken by vehicle to pick up a load at every station i,

tu
-
time taken by vehicle to drop off a load at every station j.

The load routing problem is a problem of finding the basic nodes m. Basic nodes represent transit stations with the minimal time needed for the load, which has started from the starting station, to arrive at the basic node. The load that has to be transported is currently in the station P. In the beginning the station P represents the basic node (
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 on the station P is defined. Station O is destination to which the load has to be transported. Following notations in defining the algorithm are used:

ttr
-
load transport time in a transit area,
(j
-
label of node which directly precedes to node j,
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-
the earliest planned time of arrival load in a station j.

Set ( is defined which includes all transit stations and the destination station O. The load arrival time at the station j (tj), is calculated for every station from the set (, which is connected with the basic node m. The calculated tj is compared with the previously determined 
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 is replaced with the tj (
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). The basic node is a transit station from the set ( for which the earliest load arrival time from the station P is found. From the set ( the node m with the earliest arrival time
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) needs to be chosen. After that the node m is removed from the set (. If the basic node m is not the node O, then searching and branching from the node m is continued with the calculation of the time tj for rest of the stations, from the set (, that are connected with the node m. If 
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, then the optimum solution is found. The optimal material flow from the station P to station O is determined with the use of backtracking. After that the time intervals are calculated and reserved, and the transport task is added to a list of transport tasks for all vehicles. The load arrival time at the station j (tj), depends upon the mutual position of the stations i and j. Two basic cases can be distinguished:

1)
Transport inside the loop
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a)
If 
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 vehicle in the loop k is still busy when a load (material) arrives at station i at time ti.

b)
If 
[image: image18.wmf](

)

k

b

i

t

t

>

 the task schedule of vehicle in the loop k is empty

2)
Transport inside transit area
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Fig. 1. The load routing algorithm

4. EXAMPLE

The algorithm is applied to the example that is solved by the static linear programming model. Author of that was Lin et al. (1994). Optimal load routing procedure from station 26 to station 16 in the bidirectional material flow is presented by the Fig. 2.
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Fig. 2. Search tree for example

5. CONCLUSION

In the article algorithm for solving the load routing problem in tandem AGV systems is presented. The algorithm simultaneously enables:

· the optimal load routing in production system,

· time and vehicles reservation for transport task performing.

The algorithm can only be used in automated production systems in which the transport is integrated with production process. It is intended for on-line control of transport systems. It also can achieve material flow optimization in production systems which do not use vehicles of the same kinematics.
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