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S. TOSETTI†, D. PATIÑO†, F. CAPRARO† and A. GAMBIER‡
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Abstract— The need of reducing inventory
levels as much as possible without loosing sales
opportunities is an important goal not only for
small but also for mid-size and large companies,
on account of the high costs associated with
large inventory stocks. In general, the perfor-
mance of inventory systems is also affected by
the Bullwhip effect caused, among other factors,
by non-zero lead times. This paper proposes an
automatic pipeline feedback order-based pro-
duction control system (APIOBPCS) consider-
ing a demand with cyclic and stochastic compo-
nents. The dynamics and delays of the produc-
tion process are modeled as a pure delay. The
control system structure consists of a PID con-
troller and demand prediction based on an Ex-
tended Kalman Filter (EKF). The main objec-
tive of the controller is to stabilize and regulate
the inventory levels about a desired set-point.
The extended Kalman filter estimates the pa-
rameters of a Volterra time-series model to pre-
dict future values of the demand. The control
system is evaluated by simulations, showing a
good performance and better results than those
achieved by using traditional inventory control
techniques.
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I. INTRODUCTION

Until recently, production and sales managers used to
control inventory levels by means of two powerful but
limited tools: intuition and experience. However, the
size and complexity of modern production and sale
operations have grown in such a way that it is not
anymore convenient to regulate stock levels without
having a quantitative assessment of the involved fac-
tors. This means making a smart or optimal decision
not only on what or how much to order, but also, on
when to do it.

Inventories are resources needed for production or
commercialization processes, that are kept idle, wait-
ing to be used when necessary. These resources can

be of any kind: men, machines, raw material, money,
graduates from the educational system, etc. Inven-
tories are used to compensate the imbalances of the
normal sequence of activities in production and sales
processes. In other words, inventories should have a
stabilizing effect on material flow patterns (Disney and
Towill, 2003). Due to the fact that demand is usually
unknown and stochastic in nature, it is not an easy
task to keep inventories on an appropriate and reg-
ular level. If the level is set too low, maintenance
costs may go down: there is no need for large stor-
age spaces, the insurance costs decrease; devaluation
costs are lower. However, there persists the risk of
losing sales when demand grows beyond the expected
figures. On the other hand, if inventory levels are kept
too high, maintenance cost are usually higher: the vol-
ume of resources kept in stock increases, the required
space is larger, and the devaluation and maintenance
costs are higher. Therefore, an effective supply chain
should be managed with an aim at keeping a high
level of costumer satisfaction while minimizing costs
and maximizing profits (Rivera and Pew, 2005). Re-
sults of savings achieved by best-in-class companies,
as a result of improving their supply chain operations,
amount 5-6% of sales (Simulation Dynamics, 2003).

Although research in this area is not novel, it was
only recently when the control systems community
have paid attention to this topic. This is described
thoroughly in the excellent revision of Ortega and Lin
(2004). Previous research works have proposed sys-
tems to stabilize the inventory level as is the case of
the articles of John et al. (1994) and Disney and Tow-
ill (2003). More recently, the works of Grubbström
and Wikner (1996), Samata and Al-Arami (2001) and
Rivera and Pew (2005) have explicitly included dy-
namic controllers, such as PID, on the supply chain,
and have obtained promising results. The present
work proposes a simple control system whose main
objective is to keep the inventory at a desired level
in spite of fluctuations in the demand, taking into ac-
count lead times of the production system. The con-
troller is based on an APIOBPCS model and uses a
PID controller and demand prediction, to keep sta-

 


