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Traditional PID fails to meet the requirements in control precision and response speed while implementing a non-

linear control. Such problem can be easily solved by adaptive fuzzy PID, which indicates that the adaptive fuzzy 

PID will realize the precise control in engine speed control system, a typical nonlinear system. This paper first 

discusses the mathematical control model of diesel engine speed-control system and the characteristics of the tra-

ditional PID control. Then, the speed control principle of the adaptive fuzzy PID controller is analyzed. Besides, 

the membership function of fuzzy logical, the fuzzy logical variable and the fuzzy reasoning rules are determined. 

Next, the adaptive correction method is briefly introduced. Finally, the model of traditional PID and adaptive 

fuzzy PID controller are simulated and the same disturb is added into the control systems. The simulation results 

show that the adaptive fuzzy PID controller has better performance in dynamic response and robustness than that 

of traditional PID.  
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 Introduction 

 When a diesel engine is running, its online operating 

parameters and real time state are vulnerable to external 

interference. Thus, it is difficult to establish the accurate 

mathematical control model [1] to form the formula. Even 

the mathematical control model and the formula is esta-

blished, it is still hard to veritably describe the more com-

plicated system characteristics [2]. When it comes to real 

time system, for example, an real time electronic speed-

control system, it becomes a great challenge to reduce the 

influence, often unexpected, of nonlinearities, time vari-

ant, outer disturb and so on to achieve a more precise con-

trol effect while handling the diesel engine control in the 

real time electronic speed-control system, which is what 

the research paper is required to solve. 

Based on the present research, there are two main me-

thods to solve the nonlinear control problem of the real 

time electronic speed control-system, one is to focus on 

the precise establishment of the mathematical control mo-

del which is mainly based on optimization of control 

theory and control algorithm, the other is to depend on the 

development of the actuator and key components [3]. The 

main goal of the research of control theory and control 

algorithm is not only to find ways to improve the traditi-

onal PID’s control effect, but also to carry out new met-
hods to avoid the unstable factors in the system caused by 

PID control effect [4]. The diesel engine control problem 

in the real time electronic speed-control system is hard to 

be settled by the traditional PID controller, because the 

nonlinear and time degeneration troubles, usually caused 

by frequent changes in speed, load and other factors of 

the diesel engine, are far beyond the capacity of the tra-

ditional PID controller to accommodate. So, only using 

traditional PID controller to compensate the instability of 

the system caused by parameters changes will be some-

what rocky. 

The main purpose of this research is that no matter 

how external factors change, we may still achieve real 

time electronic control to speed-control system of diesel 

engine by means of adaptive fuzzy PID control algorithm 

even under the condition of nonlinear interference or 

more unexpected disturbance, thereby enhancing the pre-

cise control effect of diesel engine level, to ensure that the 

diesel engine operates reliably and stably. Although the 

accurate model of diesel engine control system is hard to 

build, the model simulation has been widely used to im-

plement experimentation [5-7]. The nonlinear inference 

of the system can be achieved by adding disturb into the 

model. 

 The mathematical control model of diesel en-

gine speed-control system 

Diesel engine will be influenced by continuously 

changing load when it is running, and the diesel engine 

speed will produce fluctuations due to continuously chan-

ging of the load. Therefore, stabilizing diesel engine 

speed in the case of continuously changing load is the 

core task of real time automated speed-control system. 

According to the acceleration pedal angle sensor signal 

and rotate speed signal, the target valueof gear lever po-

sition can be calculated. Comparingwith measured valu-

eof gear lever position, the deviation value of gear lever 

position can be calculated too. Measuring the actual en-

gine speed with set speed , the speed deviation quantity 

can be acquired. All those parameters are essential for bu-

ilding the control model. 

In order to analyze the transient process of the diesel 

engine control system, it is necessary to establish an ap-

propriate mathematical control model for the diesel en-

gine system. Only after that, the diesel system can be ana-

lyzed and researched correctly based on the mathematical 

control model. The research need build an appropriate 

mathematical control model to describe the movement of 

the diesel engine system, which is the most critical and 
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difficult step for the study of the real time automatic die-

sel control system [8]. When the mathematical control 

model is established, the mathematical control model of 

every component in the system can be established con-

sequently. And finally, the mathematical control model of 

the whole speed control system can be established based 

on the mathematical control model of every component. 

The operational diagram of automated diesel engine 

speed control system is shown in Fig. 1. 
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Fig. 1 Operational diagram of real time automated diesel speed-control system

2.1 The engine 

Because of the massive number of state variables of 

the engine and the numerous characteristics of nonlinear 

and others, simple first-order model simulation can be 

used to build an approximate model. The dynamic pro-

cess of an engine is expressed nearly by a pure hysteresis 

first-order inertia link, and its mathematical function is as 

follows (1): 
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In the formula: Tα is the time constant for diesel engine 

rotating speed that rise; τ0 is the delay time for diesel en-

gine torque pulse; β is the self-adjustment coefficient for 

diesel engine; t is the time variable; A is the proportional 

coefficient of the change of the gear lever position to the 

output torque. 

2.2 Electromagnetic actuators 

The electromagnetic actuator is a kind of electromag-

net which is made by the solenoidal induction principle, 

and the actuator convert the output voltage of governor 

into the output shaft displacement which is proportional 

to input signal. The actuator is composed of a lever me-

chanism and a screw transmission mechanism. We can 

build its model according to the step response experiment, 

so the mathematical function can be simplified as a se-

cond order segment [9], namely: 
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In the formula: δ is local inhomogeneous degree of the 

electromagnetic force and the spring wire; Tp is the vis-

cous friction time constant for the actuator motor system; 

Tr is the inertial time constant for actuator motion quality 

system. 

2.3 Speed feedback segment 

The speed feedback segment of digital electronic 

governor is mainly composed of revolution speed 

transducer and signal conversion circuit. Its working pro-

cess is that the signal conversion circuit transforms 

frequency signal which is obtained by revolution speed 

transducer into a square wave pulse signal. The speed can 

be measured according to the time interval between two 

pulses. The segment’s input is the rotation speed of en-
gine, and its output is a voltage signal which is proporti-

onal to rotating speed. The frequency from the magnetic 

sensor is converted into the pulse signal proportional to 

rotation speed, the mathematical function can be regarded 

as a proportional segment [10], that is to say: 

 
03 )( KtG =  (3) 

In the formula: K0 is amplification coefficient for 

speed measuring channels. 

2.4 The mathematical control model of engine speed 

control system 

Actuator adopts stepper motor, and fuel quantity con-

trol mechanism consists of a rotating electromagnet, and 

the rotation of the armature is proportional to the displa-

cement of the sliding sleeve, so its incremental equation 

of motion is as follows: 
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In the formula: y indicates the changes of the armature 

displacement; m is the quality of the armature push rod 

assembly; D is the damping coefficient; Ks is time depen-

dable and reset spring stiffness; ∆Fm is the electromagne-

tic force increment, in the work area which can be expres-

sed as: 

 xKiKF xm D-D=D 1  (5) 

In the formula: K1 the current force gain of proportion 

electromagnet; Kx is the sum of displacement force gain 

of proportion electromagnet and the spring stiffness of 

proportion electromagnet. Kx is also time dependable.  

The above two formulas are incorporated, then it is 

transformed by laplace theorem, resulting in: 

 xKiKxKxDxms xxs D-D=D+D+D 1

2  (6) 

The transfer function of the fuel quantity control me-

chanism is obtained, as follows: 

 

( )

( )

( ) mKK

D

mKK

ss

K

s
s

K

i

x
sG

xs

xs

+
=

+=

++
=

++
=

D
D

=

2

2
1

2 22

2

1

2

2

1

x

w

wxw
w

w
x

w
 (7) 

The timing control mechanism is through the control 

of the high side switch valve of high pressure cylinder to 

change the amount of the high pressure fuel within the 

cavity, and then to change the timing piston position, so 

it can realize the fuel injection timing adjustment [11]. 

Based on experience, the parameters are taken ω=32.6, 

ξ=0.704. So the actuator‘s transfer function  is defined as 

follows: 
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 Adaptive fuzzy PID controller of diesel engine 

speed control system 

3.1 The mathematical control model of engine speed 

control system 

The difference between adaptive fuzzy PID controller 

and traditional PID controller is that the adaptive fuzzy 

PID controller can easily adapt to the real-time require-

ments of dynamic system. The implementation idea is to 

find out the fuzzy relationship among the three parame-

ters of traditional PID, the deviation and deviation change 

rate, which can be detected in the real time running state. 

The three traditional PID parameters are modified online 

according to the fuzzy inference mechanism. Then the 

computer use fuzzy reasoning to automatically adjust PID 

parameters according to the actual situation of control 

system, which can ensure the control system have a good 

dynamic and steady-state performance. Although the tra-

ditional PID controller has features of simple structure, 

reliability and stability and most of the speed control sys-

tem has applied it, the traditional PID control may fail to 

handle large influence of model parameters and load. So, 

the traditional PID controller can't satisfy the require-

ments of high precision and performance in the occasion 

of system with large disturb. Traditional PID regulator 

doesn’t have the function of online tuning parameters. If 
the PID parameter online self-tuning can be realized, it 

can further improve the performance of PID controllers. 

Therefore, the PID controller and fuzzy controller are 

combined, so that it can meet the requirements of PID pa-

rameters self-tuning under the different situation and 

make the control effect more ideal. The adaptive fuzzy 

PID controller can be directly used in the control of the 

speed regulation system [12-16], and the characteristics 

of fuzzy control applied to the nonlinear time varying, the 

control of lag system and strong robustness are fully re-

flected. Because the establishment of the controlled ob-

ject does not need the accurate mathematical control mo-

del, so it is more convenient to devise. The structure dia-

gram is shown in Fig. 2. 

 

Fig. 2 The structure diagram of adaptive fuzzy PID Controller 

 

In Fig. 2, r is setting value; e is the error fuzzy quan-

tity; ec is error rate; Kp is proportional coefficient; Ki is 

integral coefficient; Kd is differential coefficient; de/dt is 

the error change speed; y(t) is the amount to be adjusted. 

e and ec are the input variables. Kp, Ki and Kd are the out-

put variables. In the course of engine running, the fuzzy 

adaptive PID controller can execute fuzzy reasoning ac-

cording to the fuzzy rules by constantly detecting e and 
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ec, and the Kp, Ki and Kd are modified online, to meet the 

different requirement to the controller parameters of con-

stantly changing e and ec. Such control method can help 

the controlled object have good dynamic and static per-

formance. Besides, the amount of calculation is small, 

which means that it can be achieved easily on the compu-

ter. 

In the fuzzy PID control system with a large extent, 

the control performance depends on the selection of Kp 

value, increasing Kp can reduce the steady state error and 

improve the adjustment precision and the response speed 

[17]. But if the Kp is too large, it will cause the adjustment 

procedure to produce larger overshoot, and even lead to 

system instability. Reducing Kp can reduce the overshoot 

and improve the stability. If the Kp is too small, it will 

reduce the regulation accuracy and slow down response 

speed. In the initial adjustment, the ratio Kp of PID regu-

lator was appropriately amplified to the larger level to im-

prove the response speed. In the regulation of the me-

dium-term, the Kp need be placed largely, and take into 

account both the stability and accuracy of regulation, so 

as to improve the control precision. 

3.2 The determination of control rules 

We can see that the error system is multi-dimensional 

fuzzy controller with two input and three output which 

takes error e and error rate ec as input language variable 

and takes accommodation coefficient Kp, Ki and Kd of the 

regulator as output language variable from fuzzy control 

system structure [18]. Error and error change rate is suffi-

cient to describe the relationship between the input and 

output of the whole system, and the tuning of PID para-

meters must consider the interaction and interconnection 

relationship of control parameters Kp, Ki and Kd. In accor-

dance with the relevant experience, we divide the PID 

controller into 4 scenarios for discussion: 

(1)When |e(k)|>M1 (M1 is the maximum of the region 

with 0<error<1), the absolute value of error will be great, 

no matter how the error varies at this time, and the con-

troller are supposed to adjust error value quickly and to 

give the proper output according to the output of the 

biggest adjustment, which makes the error reduce timely. 

(2)When e(k)∆e(k)>0 , the analysis shows that the er-

ror change toward the direction of its absolute value 

increasing, if M2>M1, and |e(k)|>M2 (M2 is the maximum 

of the region with error<0), at this point, the error value 

is large, therefore, the control function of the controller 

should be enhanced, so that the error value is changed to 

the direction of the decrease. 

(3)When e(k)∆e(k)<0, at this point, either the error 

increment or the absolute value of the error are the trend 

of the reduction, then the constant output of the controller 

is considered. 

(4)When |e(k)|<ε (ε is the given tiny value), it can in-

troduce integral link at this time and the purpose is to re-

duce the steady-state error of the system. 

Thus, when the deviation value of the system is diffe-

rent, the three parameters of PID should also take diffe-

rent values, which requires the PID has the function of 

their own setting. Fuzzy PID controller takes it as a goal, 

and the idea of fuzzy mechanism and fuzzy reasoning is 

adopted on the basis of traditional PID regulation, which 

helps to execute online self-tuning fuzzy control for tra-

ditional  PID parameters Kp, Ki and Kd according to the 

different e and ec. Its structure is mainly composed of two 

parts: the traditional PID control and fuzzy reasoning pa-

rameter correction part. 

3.3 The fuzzy processing of the input error and the 

error rate 

The variable from the fuzzy controller port in and out 

are accurate, and the fuzzy reasoning is conducted in view 

of the fuzzy quantity. Therefore, the first thing to do for 

controller is fuzzy processing of the input variables. In 

this paper, the fuzzy adaptive PID controller is designed, 

and the values of input and output are set as seven lan-

guages values: negative big, negative middle, negative 

small, zero, positive small, positive middle, positive big, 

namely NB, NM, NS, ZO, PS, PM, PB, and the mem-

bership function is a trigonometric function with a strong 

sensitivity, and all parameters are subject to normal dis-

tribution, as shown in Fig. 3. 

 

Fig. 3 The curve of the membership function 

 

Error e, error change rate ec and the discourse domain 

of output control quantity take for {-6,-4,-2,0,2,4,6}, 

fuzzy control rules table are shown in Tab. 1, Tab. 2 and 

Tab. 3 in view of the three parameters, and respectively 

setting. where: NB represents negative big, its value is -6; 

NM represents negative medium, its value is -4; NS re-

presents negative small, its value is -2; ZR is zero; PS re-

presents positive small, its value is 2; PM represents po-

sitive medium, its value is 4; PB represents positive big, 

its value is 6. 

Tab. 1 The control rule table of Kp 

ec 

e NB NM NS ZO PS PM PB 

NB PB PB PB PB PB PB PB 

NM PB PS PS PS PS PS PS 

NS ZO ZO ZO ZO ZO NS NS 

ZO NS NS NS NS NS NB NB 

PS ZO ZO ZO ZO ZO NS NS 

PM PB PS PS PS PS PS PS 

PB PB PB NS NM NM NB NB 
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Tab. 2 The control rule table of Ki 

 ec 

e NB NM NS ZO PS PM PB 

NB PS ZO ZO ZO ZO PS PS 

NM NB NB NM NS NM PS NB 

NS NB NB NM NS NM NS NB 

ZO NS NS NS NS NS NM NM 

PS NB NB NM NS NM NB NB 

PM NB NB NM NS NM PS PS 

PB PS PS ZO ZO ZO PS PS 

Tab. 3 The control rule table of Kd 

ec    

e NB NM NS ZO PS PM PB 

NB PB PB PM PM PS ZO ZO 

NM PB PB PM PM PS ZO ZO 

NS PM PM ZO NS NM NB NB 

ZO PB PB PM ZO NM NB NB 

PS PM PM ZO NS NM NB NB 

PM ZO ZO NS NM NM NB NB 

PB ZO NB NB NB NB NB NB 

 

Put the modified parameters into formula (6) to calcu-

late the parameters of PID controller through a series of 

look-up table, models reasoning. 
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Where: Kp
', Ki

' and Kd
' is the last time reserved values 

Kp, Ki and Kd for the fuzzy controller. The parameters 

need to plus the corresponding deviation and variation va-

lue of the controller and be applied to the control object. 

When the system runs Online, the controller carries on the 

logic reasoning, look-up table and operation according to 

the fuzzy rules, so the parameters of PID can correct au-

tomatically online. 

 Adaptive Fuzzy PID Controller 

The typical two-order transfer function is commonly 

used in the industrial process. In this paper, a fuzzy con-

troller is established according to the control rules and the 

relationship between the input and output of the fuzzy 

controller, which is respectively shown in Fig. 4, Fig. 5 

and Fig. 6. 

 

Fig. 4 The relationship between error e, error rate ec 

and proportional coefficient Kp 

 

Fig. 5 The relationship between error e, error rate ec 

and integral coefficient Ki 

 

Fig.6 The relationship between error e, error rate ec and 

differential coefficient Kd 

 

The above three Figures show the dynamic process of 

the fuzzy controller tuning the related parameters of the 

PID controller. From the Figures, the proportion coeffi-

cient Kp is changed smoothly by the fuzzy controller, but 

the integral coefficient Ki and the differential coefficient 

Kd have larger fluctuations. However, large amplitude ad-

justment of the integral coefficient Ki and differential co-

efficient Kd of PID controller and small amplitude ad-

justment of proportional coefficient Kp of PID controller 

by fuzzy controller can make the output of the PID con-

troller change rarely, so as to improve the control preci-

sion of the PID controller. 
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 Simulation and Results 

Fig. 7 presents the simulation structure diagram which 

includes the fuzzy PID controller and the traditional PID 

controller. The simulation output waveform is shown in 

Fig. 8. 

 

Fig.7 Simulink simulation structure diagram 

 

Fig.8 The simulation waveform
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In this study, a mathematical model of the diesel en-

gine speed system is developed and disturb is added to the 

system. Apart from that, the diesel engine speed system 

is controlled by the traditional PID controller and the 

adaptive fuzzy PID controller. The simulation results 

show that the traditional PID controller has higher 

overshoot and settling time than the adaptive fuzzy PID 

controller. Hence, adaptive fuzzy PID controller design 

was proposed and implemented with the principles of ar-

tificial intelligence. The adaptive fuzzy PID controller 

shows a better control effect as compared with the traditi-

onal PID controller. 

Tab. 4 Comparison of traditional PID controller and 

adaptive fuzzy PID controller 

No. controller 
Max 

overshoot 

Settling 

Time 

SS Er-

ror 

1 

Traditional 

PID con-

troller 

48.5% 10 1.4% 

2 

Adaptive 

fuzzy con-

troller 

0 4 0.2% 

 

The Fig. 8 and Tab. 4 show that the response time of 

adaptive fuzzy PID controller is far less than the traditio-

nal PID controller and the output of the adaptive fuzzy 

PID can quickly reach the steady state, which indicates 

that the adaptive ability of the system has been greatly 

improved. It may be safely said that the adaptive fuzzy 

PID controller has a better adaptability and steady state 

performance. 

 Conclusions 

This paper presented an adaptive fuzzy PID control 

method for the diesel engine speed control system that is 

accompanied by the uncertainty and time variability. 

From the simulation comparing the traditional PID con-

troller with the adaptive fuzzy PID controller, we obser-

ved that the adaptive fuzzy PID controller can make a sig-

nificant improvement in shortening the adjustment time 

and reducing the overshoot, which help to enhance the 

stability and anti-disturb capability of the system. 
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