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ABSTRACT 

In this paper, we explain  recent application  using fire zone control in waste incineration plants 

using fuzzy logic in industrial automation. This  application used the so-called "fuzzyPLC", an 

innovative hardware platform that merges fuzzy logic and traditional automation techniques. Following a 

quick overview on the fuzzyPLC, we discuss the applications and focus on how fuzzy logic enabled a 

superior solution compared to conventional techniques. Whenever possible, we quantify the benefit in 

cost saving or quality improvement. For detailed information on the reviewed applications, the respective 

papers are referenced.  
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INTRODUCTION 

Fuzzy Logic in Industrial Automation 

In recent years, fuzzy logic has proven well its broad potential in industrial automation 

applications. In this application area, engineers primarily rely on proven concepts. For discrete event 

control, they mostly use ladder logic, a programming language resembling electrical wiring schemes and 

running on so called programmable logic controllers (PLC). For continuous control, either bang-bang 

type or PID type controllers are mostly employed.While PID type controllers do work fine when the 

process under control is in a stable condition, they do not cope well in other cases: i)The presence of 

strong disturbances (non-linearity) ii)Time-varying parameters of the process (non-linearity) iii)Presence 

of dead times The reason for this is that a PID controller assumes the process to behave in a strictly linear 

fashion. While this simplification can be made in a stable condition, strong disturbances can push the 

process operation point far away from the set operating point. Here, the linear assumption usually does 

not work any more. The same happens if a process changes its parameters over time. In these cases, the 

extension or replacement of PID controllers with fuzzy controllers has been shown to be more feasible 

more often than using conventional but sophisticated state controllers or adaptive approaches [4]. 

However, this is not the only area where there is potential for fuzzy logic based solution. 
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MULTI-VARIABLE CONTROL 

The real potential of fuzzy logic in industrial automation lies in the straightforward way fuzzy 

logic renders possible the design of multi-variable controllers. In many applications, keeping a single 

process variable constant can be done well using a PID or bang-bang type controller. However, set values 

for all these individual control loops are often still set manually by operators. The operators analyze the 

process condition, and tune the set values of the PID controllers to optimize the operation. This is called 

"supervisory control" and mostly involves multiple variables  

 

Alas, both PID and bang-bang type controllers can only cope with one variable. This usually 

results in several independently operating control loops. These loops are not able to "talk to each other". 

In cases where it is desirable or necessary to exploit interdependencies of physical variables, one is 

forced to set up a complete mathematical model of the process and to derive differential equations from it 

that are necessary for the implementation of a solution. In the world of industrial automation, this is 

rarely feasible: i)Creating a mathematical model for a real-word problem can involve years of work. 

ii)Most mathematical models involve extensive simplifications and linearizations that require "fudge" 

factors to optimize the resulting controller later on. iii)Tuning the fudge factors of a controller derived 

from a mathematical model is "fishing in the dark", because optimizing the system at one operating point 

using global factors usually degrades the performance at other operating points. Also, many practitioners 

do not have the background required for rigorous mathematical modeling. Thus, the general observation 

in industry is that single process variables are controlled by simple control models such as PID or bang-

bang, while supervisory control is done by human operators. This is where fuzzy logic provides an 

elegant and highly efficient solution to the problem. Fuzzy logic lets engineers design supervisory multi-

variable controllers from operator experience and experimental results rather than from mathematical 

models. A possible structure of a fuzzy logic based control system in industrial automation applications 

is exemplified by Figure 1. Each single process variable is kept constant by a PID controller, while the 

set values for the PID controller stem from the fuzzy logic system. This arrangement is typical for cases 

like control of several temperature zones of an oven or control of oxygen concentrations in different 

zones of a wastewater basin. In other cases, it could be reasonable to develop the complete closed loop 

control solution in a fuzzy system.This illustrates why it is very desirable to integrate conventional 

control engineering techniques, such as ladder logic or instruction list language for digital logic and PID 
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control blocks tightly together with fuzzy logic functionality. 2. Merging Fuzzy Logic and PLCs -In 

1990, when more and more successful applications proved the potential of fuzzy logic in industrial 

automation, the German company Moeller GmbH and the U.S./German company Inform Software 

created the fuzzyPLC based on the observation that fuzzy logic needs tight integration with conventional 

industrial automation tech 

The fuzzyPLC Hardware and Firmware niques.  

 

 

To make it available at a low cost, the core of the fuzzyPLC uses a highly integrated two-chip 

solution. An analog ASIC handles the analog/digital interfaces at industry standard 12 bit resolution. 

Snap-On modules can extend the periphery for large applications of up to about 100 signals. An 

integrated field bus connection, based on RS485, provides further expansion by networking. The 

conventional and the fuzzy logic computation is handled by a 16/32 bit RISC microcontroller. The 

operating system and communication routines, developed by Moeller, are based on a commercial real 

time multitasking kernel. The fuzzy inference engine, developed by Inform Software, is implemented and 

integrated into the operating system in a highly efficient manner, so that scan times of less than one 

millisecond are possible. The internal RAM of 256 KB can be expanded by memory cards using flash 

technology. Thus, the fuzzyPLC is capable of solving quite complex and fast industrial automation 

problems in spite of its compact and low price design.  

The fuzzyPLC Engineering Software  

The fuzzyPLC is programmed by an enhanced version of the standard fuzzy logic system 

development software fuzzyTECH from Inform Software. fuzzyTECH is an all-graphical, design, 

simulation, and optimization environment with implementation modules for most microcontrollers and 

industrial computers. To support the complete functionality of the fuzzyPLC, fuzzyTECH has been 

enhanced with editors and functions to support the conventional programming of the PLC. Thus, a user 

only needs one tool to program both conventional and fuzzy logic parts of the  
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SOLUTION 

The fuzzyTECH software combines all necessary editors for membership functions, linguistic 

variables, rule tables, and system structure with analyzer functions and optimization features. The 

software runs on a PC and is linked to the fuzzyPLC by a standard serial cable (RS232) or the field bus 

(RS485). Through this link, the developer downloads the designed system to the fuzzyPLC. Because 

fuzzy logic systems often require optimization "on-the-fly", fuzzyTECH and the fuzzyPLC feature 

"online-debugging" where the system running on the fuzzyPLC is completely visualized by the graphical 

editors and analyzers of fuzzyTECH. Plus, in online-debugging modes, any modification of the fuzzy 

logic system is instantly translated to the fuzzyPLC without halting operation. 

FIRE ZONE CONTROL IN WASTE INCINERATION PLANTS  

Maintaining a stable burning temperature in waste incineration plants is important to minimize 

the generation of toxic gases, such as dioxin and furan, as well as to avoid corrosion in the burning 

chambers. There are two primary difficulties of this temperature control process: i)The caloric value of 

the waste fluctuates strongly. ii)The fire position and shape cannot be measured directly. Because the 

heat generated from the burning process is used to produce electrical energy, a stable incineration process 

is also of high commercial interest.  
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In recent applications at waste incineration plants in the cities of Hamburg and Mannheim in 

Germany, fuzzy logic has been successfully applied. In Mannheim, where two fuzzyPLCs were used to 

control the burning process, the steam generation capacity of one furnace is 28 Mg/h. Using the industry 

standard conventional controller, steam generation fluctuated by as much as 10 Mg/h in just one hour. 

The fuzzy logic controller was capable of reducing this fluctuation to less than ±1 Mg/h. This 

dramatically improved robustness and also caused the NOx and SO2 emission to drop slightly, and the 

CO emission to drop to half [11, 12].  

CONCLUSIONS 

As a consequence of the high degree of awareness raised by a large number of publications over 

the past five years in Europe, a substantial number of successful applications have been generated. Of 

these, we have presented a selection of recent applications in this paper. In all applications, the key to 

success lies in the clever combination of both conventional automation techniques and fuzzy logic. Fuzzy 

logic by no means replaces conventional control engineering. Rather, it compliments conventional 

techniques with a highly efficient methodology to implement multi-variable control strategies. Thus, the 

major potential for fuzzy logic lies in the implementation of supervisory control loops.  
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