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An exhaust gas purification system that simultaneously oxidizes
excess levels of exhaust carbon monoxide (CO) and unburned HCs
and reduces excess levels of nitrogen oxides (NO,) has been de-
signed by combining an electric fuel-injection system and a three-
way catalytic converter. This catalyst is ineffective when the ratio of
the air to fuel flowing into the engine (A/F) differs more than +1%
from the stoichiometric level of 14.5:1. Therefore, a feedback con-
trol system is required in order to maintain the A/F within +1% of
the desired level. Conventional A/F control is performed by using
two A/F sensors, which are placed on the pre- and post-catalysts. In
this case, the emission performance of the conventional system is
strongly affected by the deterioration of the catalyst, the durability
of the emission control components and improper maintenance.

In the present paper, in order to meet the requirements for a low-
emissions vehicle, a novel construction method of the A/F control
system is proposed. The newly constructed A/F control system is il-
lustrated in Fig. 1. £(k) is the quantity for the basic injection, which
changes in accordance with the engine revolution and the intake
pressure, and u(k) and z(k) are the air-fuel ratio as the input and
output signals of the catalyst. Both x(k) and y(k) are obtained sig-
nals by the nonlinear oxygen sensor. 17(k), which is the output of the
front F.B. controller, is the additional quantity of £(k) to correct the
fuel injection for the accurate A/F ratio control. The controller de-
sign is based on a promising two-step procedure. The first step is to
design the A/F control system for the engine based on an open loop
design. The engine system controller performs feedforward control
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of the engine system from r(k) to x(k). In other words, the controller
derives the reference values r(k) in order to track x(k) to x°(k).

The second step is to design the A/F control system for the cat-
alyst system. The design method is based on the generalized pre-
dictive control (GPC) in order to satisfy the robustness to open loop
control as well as model uncertainty. The controller for the cata-
lyst system calculates x°(k) in order to track y(k) to its reference
y* (k) by constructing the feedback loop. Therefore, these two con-
trollers connected in series can be considered to be a new rear F.B.
controller. In addition to the high control performance, the further
advantage of the two-step design procedure is that the complex A/F
control system can be systematically designed with good prospect.

As a means of obtaining high A/F control performance, regard-
less of the deterioration level of the catalyst, the system identifica-
tion approach is adopted in order to derive a mathematical model
for both systems.

In order to verify the proposed control strategy, experiments with
a full-scale automobile were carried out. The experiments were per-
formed using the deteriorated catalyst under steady-state conditions
with a rate of revolution of the engine of 3,600 min~! and an intake
pressure of 602mmHg. Fig.2 shows the analytical results of the
components of the exhaust gas emission for both the conventional
and proposed control systems. As a result of the precise A/F control
by the GPC-based proposed control method, the significant reduc-
tion ratios of 48.5%, 24.3% and 14.9% were achieved in CO, HC
and NO, emissions, respectively.
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Fig.2. Comparison of the emissions of CO, HC and
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Conservation of the environment has become critical to the automotive industry. Recently, requirements for on-board

diagnostic and engine control systems have been strictly enforced. In the present paper, in order to meet the require-

ments for a low-emissions vehicle, a novel construction method of the air-fuel ratio (A/F) control system is proposed.

The construction method of the system is divided into two steps. The first step is to design the A/F control system for

the engine based on an open loop design. The second step is to design the A/F control system for the catalyst system.

The design method is based on the generalized predictive control in order to satisfy the robustness to open loop control

as well as model uncertainty. The effectiveness of the proposed A/F control system is verified through experiments

using full-scale products.
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