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Abstract—The goal of this article is to offer an automatic PID 
parameter adjustment strategy by using a Grey Predictor 
model. The Grey Predictor model together with a first-order 
low-pass α filter generates effective estimated values of the plant 
output.  The output error is then embedded in a control 
algorithm that automatically tunes the PID parameters.  The 
resulting PID/Grey controller is shown to outperform the PID 
controller that is tuned via the standard quarter-decay ratio 
method.   The paper gives a detailed description of the system 
structure, the design algorithm, and its implementation.  
Regulation and tracking performance of the proposed PID/Grey 
Predictor Controller are illustrated by means of computer 
simulation tests in the Matlab environment. Finally, a 
temperature regulation example is built by using LabVIEW 
programming and tested to validate the performance of the 
proposed controller scheme.  

Index Terms—Grey Predictor Controllers, Low-pass α Filter, 
LabVIEW, PID controller. 

I. INTRODUCTION 
HE design of high quality controllers usually takes the 
following features into consideration: (a) simplicity in 

design and construction, (b) ease of operation, (c) stability 
margins, (d) low parameter-drifting, (e) fast system response, 
(f) minimal system overshoot, and (g) no output steady state 
error.  The proportional-integral-derivative controller (PID) is 
frequently employed in industry because of these qualities.  
First proposed by Ziegler-Nichols in the 40s, the PID is 
widely adopted nowadays, although it has been under 
constant modification and improvement [1]-[5].  With the 
merits mentioned above, the PID controller is able to reduce 
response error via proportional control, and thus the process 
can track the input and respond properly; it can lower the 
output overshoot and reduce the response time through 
derivative control; and it can eliminate steady-state offset 
through integral control.  Nevertheless, when large load 
variations and non-linear industrial control processes are 
involved, a set of fixed PID parameters cannot always obtain 
satisfactory control performance.  Moreover, the fact that 
three parameters need to be adjusted usually requires that an 
experienced engineer be involved in the practical 
implementation of the PID controller.  Since it is never easy 
to find a set of proper parametrical values, this compromises 
the high adaptability and convenience of the PID controller.  
It is always the case that improperly adjusted parameters 
cause unsatisfactory system response. 
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In this paper, a new structure is proposed to automatically 
adjust the parameters of a PID controller with the aid of a 
Grey-Predictor model that achieves better system response 
without any prior knowledge of the plant and without human 
operation.   

II. SYSTEM OVERVIEW 
Fig. 1 shows the block diagram of the proposed system 

structure of the PID/Grey predictor controller.  It displays a 
closed-loop system with an adjustable PID controller whose 
regulating mechanism is driven by the Grey predictor.   
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Fig. 1. System structure of Grey Predictor Controller 
It should be noted that the three parameters are 

automatically regulated by the Grey predictor. Because the 
process of accumulated generating operation in the Grey 
predictor makes the prediction value slightly higher, a general 
first-order digital low-pass α filter is added to improve the 
prediction accuracy.  The system output y(t) is sampled  into 
y(k) and used by the Grey Predictor to generate the estimated 
output response )1( +ky .  The refined estimation ŷ(k+1) is 
calculated by the low-pass α filter and the output prediction 
error value ê(k+1) can be obtained by comparing with the 
sampled reference input )1(ˆ +kr (assumes slowly 
time-varying reference inputs).  The Grey predictor generates 
a reliable prediction of the response error, which is used to 
automatically regulate the PID controller parameters. When 
compared to the standard PID, the computer simulated 
examples demonstrate that our proposed controller achieves a 
shorter rise time Tr, comparable settling time Ts, better 
overshoot OS suppression, comparable steady-state 
performance, and better response to transitions of a triangular 
reference input.    A hardware implementation of a 
temperature controller is tested via LabVIEW virtual 
instrumentation to confirm the results of the computer 
simulation. 

A. Grey Prediction Theory 
Grey system theory is a useful tool for prediction.  Its merit 

lies in the ability to make full use of limited data information 
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to predict future values.  The grey prediction model conducts 
a so called “accumulated generating operation” on the 
original sequence. The resultant new series is used to 
establish a difference equation whose coefficients are found 
via the least-squares method.  The accumulated generating 
series prediction model value is then obtained.  The estimated 
prediction value in the time-domain is calculated by means of 
an inverse accumulated generating operation.  Only a few 
original sequence elements are needed, and one does not have 
to assume the distribution of the sequence.  The generated 
value is then used to establish a set of Grey difference 
equation and Grey pseudo differential equation.  The model is 
called the Grey Model [6]-[12].  Generally, there are a few 
types used in the literature: 

1) GM(1,1): This represents first-order derivative, 
containing one input variable, generally used for 
prediction purposes. 

2) GM(1,N): This represents first-order derivative, but 
containing N input variables, for multi-variable analysis. 

3) GM(0,N): This represents zero-order derivative, 
containing N input variables, for prediction purposes. 

In this article, the GM(1,1) model is adopted to perform the 
prediction of system output response.  The standard 
procedure is as follows: 

Step 1: Collecting the original data sequence; 
{ })(),......,2(),1( )0()0()0()0( nxxxX =  (1) 

Step 2: Conducting an accumulated generation operation, 
AGO, on the original data sequence in order to 
diminish the effect of data uncertainty; 

{ })(),......,2(),1( )1()1()1()1( nxxxX =             (2) 
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Step 3: Establishing Grey difference equation and then 
calculating its background values; 
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Step 4: Constructing data matrix B and data vector Y; 
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Step 5: Resolving the matrix; 
aBYN ˆ=                                                                      (8) 
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Step 6: Deriving the solution to the Grey difference 
equation; 
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Step 7: Conducting the inverse accumulated generation 
operation to obtain a prediction value 
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The output prediction value )1( +ky  as shown in Fig.1 is 
obtained by (11) through the GM(1,1) model. 
  

B. First-order Digital Low-pass α Filter 
A general first-order digital low-pass α filter following the 

GM(1,1) model is proposed to improve the prediction value. 
The filer is given by the following equation 

)1()(ˆ)1()1(ˆ ++−=+ kykyky αα  (12) 
where α lies between 0 and 1.  The structure of the first-order 
digital low-pass α filter is shown in Fig. 2.  By plotting the 
estimation error vs. α as shown in Fig. 3 for a nominal 
second-order transfer function, it is found that α=0.6 
minimizes the error. 
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Fig. 2 System structure & frequency response of a first-order low-pass α filter 

 
Fig. 3 Estimation error vs. the selection of parameter α 
In order to explore the limitation of this prediction method, 

the unit feedback closed-loop structure with general 

second-order transfer function 22
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used, where ζ is the damping ratio and ωn is the natural 
frequency of the controlled process.  Unit step responses are 
simulated and compared with estimations from Grey 
predictor and Grey predictor plus low-pass α filter.  The 
sampling time is presumed to be 0.01 second.  From Fig.2, the 
cutoff frequency of low-pass α filter (α=0.6) is 0.312π.  In this 
case, the cutoff frequency is 15 Hz.  In Fig. 4 and Fig. 5, the 
estimation error vs. natural frequency and damping ratio are 
compared.  It is so obvious that the error is diminished by the 
low-pass α filter.  For natural frequencies under 25 Hz, the 
estimation error of Grey predictor plus α filter is improved at 
least by 50 % than without the α filter.  Due to the nature of 
the low pass filter, the error progressively gets worse for 
natural frequencies higher than 25 Hz. 
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Fig. 4 Grey estimation error vs. natural frequency & damping ratio 

 
Fig. 5 Estimation error improved by α filter 

 
Fig. 6 Estimation error of unit step response 

 

C. PID Tuning Algorithm 
The system output prediction error ê(k+1) is utilized to 

adjust the three parameters of the PID controller.  The 
function m(k) is a linear function of prediction error ê(k+1) 
with slope of 1/4, offset of 0.5, and limited in magnitude 
between 0 and 1.  The constant Kmax is the maximum gain the 
physical process can provide.  The PID/Grey controller 
algorithm is then written as:  

)1()()( max sK
s
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III. MATLAB SIMULATION 
In order to prove that Grey predictor controller can be 

extensively applied to regulate different control processes, we 
take a number of common control processes as examples, and   
simulate the process on the computer using Matlab software.  
The Grey predictor is used to control KP, KD, and KI and 
enable over-all system response to shorten rising time and 
settling time, oppress maximum overshoot, and reduce steady 
state error to zero.  It is found that Grey predictor controller 
can perform far much better than traditional PID controller.  
Not only do the rising time and settling time become 
distinctively shorter, but also the maximum overshoot is 
swiftly reduced and no steady state error occurs. 

All of the following examples use the same proposed 
scheme, shown in Fig. 1, to form an auto-tuning PID 
controller via Grey-predictor.  For the purpose of evaluation, 
the traditional PID controller is also simulated under the same 
condition.  The parameter values of KP, KD, KI are derived by 
quarter-decay ratio (QCR) method [5].  Matlab program 
simulation and mathematical argumentation are given to 
prove the feasibility of this novel auto-tuning regulator. 

 
Example 1: The functional diagram of close-loop system as 
shown in Fig. 1, using unit step function as input and 
open-loop system as G(s) given in the following equation.  
Supposed the open-loop process is a third-order system with 
three real poles and no zero.  The G(s) of this process is: 

6116
1)( 23 +++

=
sss
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This is a type 0 system with constant steady state error for 
unit step input.  In Fig. 7, the dotted line and real line are the 
unit step response curves derived by PID controller and Grey 
predictor controller respectively.  As it shows in TABLE I, 
Grey predictor controller performs far much better than 
traditional PID controller in that not only does the rising time 
become distinctively shorter, but also the maximum 
overshoot is drastically reduced, and no steady state error 
occurs.  However, the settling time is slightly higher. 

 
Fig. 7. Unit Step Response for PID and Grey Prediction Controller  

TABLE I 

Controller Type Rising Time 
(Sec.) 

Settling Time 
(Sec.) 

Overshoot 
(%) 

PID Controller 0.852 3.124 12.6085 
Grey Controller 0.476 3.912 2.7675 
Kp=15.2319, KI=1.255, KD=0.3137 

To prove the superiority of Grey predictor controller over 
PID controller, we take the response overshoot of Grey 
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predictor controller at 0.027675 and the settling time at 3.912 
seconds in this example as the requirement to design a 
feasible PID controller, using root-locus method.  To meet 
these requirements, the design procedure of PID controller is 
following. 

At the beginning, we suppose that the maximum overshoot 
is 0.027675 and the settling time 3.912 seconds for designing 
a PD controller )( czsk + , the damping ratio will be 0.752289 
and natural frequency be 1.41745.  The characteristic values 
of close-loop will then lie on j9339.00663.1 ±− .  We put 
these values back to the characteristic equation of original 
system 0)6()11(6 23 =+++++ ckzskss and obtain 
k=-0.7432, zc=-2.3819, but the gain k cannot be a negative.  
The result proves that no PD controller parameters can meet 
the design requirement.  In other words, such a kind of PD 
controller does not exist.  The function of integral control is 
added to eliminate steady state error after PD controller 
design achieves the required transient response.  Thus, no PID 
controller can meet the requirement. 

 
Example 2: The functional diagram of close-loop system as 
shown in Fig. 1, using unit step function as input and 
open-loop system as G(s) given in the following equation.  
Supposed the open-loop process is a fourth-order system with 
two pair of conjugate poles and one real zero.  The G(s) of this 
process is: 

841529316
5)( 234 ++++

+=
ssss

ssG  (19) 

This is a type 0 system with constant steady state error for 
unit step input.  In Fig. 8, the dotted line and real line are the 
unit step response curves derived by PID controller and Grey 
predictor controller respectively.  As it shows in TABLE II, 
Grey predictor controller performs far much better than 
traditional PID controller in that not only do the rising time 
and settling time become distinctively shorter, but also the 
maximum overshoot is drastically reduced, and no steady 
state error occurs. 

 
Fig. 8. Unit Step Response for PID and Grey Prediction Controller  

TABLE II 

Controller Type Rising Time 
(Sec.) 

Settling Time 
(Sec.) 

Overshoot 
(%) 

PID Controller 0.689 4.161 17.9344 
Grey Controller 0.221 1.204 1.8072 
Kp=53.5788, KI=0.964, KD=0.241 
The same mathematical argumentation is used to prove the 

superiority of Grey predictor controller over PID controller.  
We take the response overshoot of Grey predictor controller 

at 0.018072 and the settling time at 1.204 seconds in this 
example as the requirement to design a feasible PID 
controller, using root-locus method.  First, we design a PD 
controller )( czsk + to meet the transient response 
requirements.  The desired damping ratio will be 0.78744 and 
natural frequency be 2.65077.  The characteristic values of 
close-loop will then lie on j6339.10873.2 ±− .  We put these 
values back to the characteristic equation of original system 

0)84()152()93(16 234 =++++++++ cc kzskzkskss and 
obtain k=-23.1857, zc=-0.4445, but the gain k cannot be a 
negative.  The result proves that no PD controller parameters 
can meet the design requirement.  In other words, such a kind 
of PD controller does not exist.  The function of integral 
control is added to eliminate steady state error after PD 
controller design achieves the required transient response.  
Thus, no PID controller can meet the requirement. 

 
Example 3: The functional diagram of close-loop system as 
shown in Fig. 1, using unit ramp, unit square wave, and unit 
triangle functions as inputs and open-loop system as G(s) 
given in the following equation.  Supposed the open-loop 
process is a third-order system with one real pole, one pair of 
conjugate poles, and two real zeros.  The G(s) of this process 
is: 

12610
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This is a type 0 system with constant steady state error for 
unit step input and infinite steady state error for unit ramp 
input.  In Fig. 9, the dotted line and real line are the unit ramp 
response curves derived by PID controller and Grey predictor 
controller respectively.  Fig. 10 and Fig.11 are the unit square 
wave response curves and the unit triangle wave response 
curves respectively.  The parameter values of KP, KD, KI are 
derived by quarter-decay ratio (QCR) method.  In TABLE III, 
performing comparisons between PID and Grey Prediction 
Controller are made.  For tracking evaluation, the Grey 
Prediction Controller outplays the traditional PID in every 
aspect. 

 
Fig. 9. Tracking Response for PID and Grey Prediction Controller 
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Fig. 10. Tracking Response for PID and Grey Prediction Controller 

 
Fig. 11. Tracking Response for PID and Grey Prediction Controller 

TABLE III 

Controller Type PID 
Controller 

Grey 
Controller 

Ramp: Steady State Error 0.42 0.03 
Square Wave 0.05 Hz : Overshoot % 17.61 8.21 
Triangle 0.1 Hz: Max. Tracking Error 0.0181 0.0046 

Kp=12.528, KI=0.15, KD=0.0375 
 

IV. HARDWARE IMPLEMENTATION BY LABVIEW 
A temperature regulation experiment by using LabVIEW 

programming is under test [13]-[16].  The functional block 
diagram of this test is shown in Fig 12. 

PC, vi,
DAQ

Sensor
Circuit

Temperature
System

Control
Circuit

Actual
Temperature

Desired
Temperature

 
Fig. 12. Temperature Control Scheme 
The sampling rate, 0.5 second, is selected because of the 

nature of temperature response.  The frequency of PWM 
modulation is set to 200 Hz.  The output response is recorded 
from staring point, room temperature, to the desired 
temperature, 60 °C.  A ventilation fan is blowing to circulate 
the air around the temperature actuator in order to make some 
disturbance during the experiment.  The virtual 
instrumentation front panel is shown in Fig. 13 and the output 
response is displayed in Fig. 14 for the Auto-tuning 
Grey-prediction controller.  The same experiment conditions 
applied to a traditional PID controller.  The parameter values 
of KP=555, KD=0.75, and KI=3 are derived by quarter-decay 
ratio (QCR) method.  The output response is displayed in Fig. 
15 for the traditional PID controller.   

 
Fig. 13. Front Panel of Grey Prediction Controller 
The essential specifications of both transient and 

steady-state response are calculated and listed in TABLE IV 
for comparison, including overshoot, rising time, 2% settling 
time and steady-state error.  It is obvious that the proposed 
auto-tuning Grey-prediction controller is far better than the 
traditional PID controller from the graphs as well as the 
comparison table.  In transient response, the proposed 
controller scheme is slightly faster than the traditional PID 
controller.  The overshoot is effectively reduced from 10% to 
6.6%.  The settling time for the Grey-prediction controller is 
81.5 second.  There is no steady-state error.  However, the 
response of the PID controller becomes a slow-decaying 
oscillation, ±2.7% at 250 second.  It approaches zero 
eventually, but takes a lot of time.  The auto-tuning 
Grey-prediction controller improves the transient and 
steady-state response in every aspect without doubt.  

From the data collected in this test, we conclude that the 
Grey prediction controller expedites the process as well as 
effectively oppresses the overshoot and disturbance. 

 
Fig.14. Output Response of the Auto-tuning Grey-Prediction Controller 

 
Fig. 15. Output Response of the Traditional PID Controller 
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TABLE IV: Transient and Steady-state Performance Comparison 

 
Overshoot 

(%) 
Rising Time 

(sec.) 
Settling Time 

(sec.) 
Steady-state 

error 

PID 

Controller 
10.0 34.5 xxx xxx 

Grey Predictor 
Controller 6.6 33.5 81.5 0 

Note: KP=555, KI=3,KD=0.75   
 

V. CONCLUSION 
We investigate a feasible system structure of Grey 

prediction controller.  The uniqueness of this design lies in the 
use of the output response prediction error values produced 
by Grey predictor to regulate PID controller parameters.  
Accordingly, it is able to deal with the possible variation of 
system responses at the very first stage.  It can not only 
actively promote the responses efficiency of transient 
response, but also passively prevent disturbance.  We 
conclude that there are four important contributions in this 
paper: 

(1) It proves the regulation function of Grey predictor 
controllers in unit step response by means of Matlab program 
simulation and mathematical argumentation.  In transient 
response, it will effectively fasten rising time, shorten settling 
time, and oppress overshoot; meanwhile, in steady state 
response, it is able to reduce steady state error to zero and 
achieve what traditional PID controller cannot perform. 

(2) It verifies the tracking function of Grey predictor 
controllers in unit ramp response, square wave response, and 
triangle wave response by means of Matlab program 
simulation.  The proposed system scheme can perform very 
well without any parameter adjustments.  On the contrary, 
traditional PID controller does lousy jobs.  A set of PID 
parameter derived by quarter-decay ratio (QCR) method does 
not adapt to the tracking task automatically.  

 (3) A hardware implement is built to run the test.  By using 
the virtual instrument by LabVIEW programming, a Grey 
prediction controller is developed.  The test results are 
promising and the feasibility is verified. 

(4) It validates the flexibility of the proposed controller 
since we do not have any prior knowledge about the 
controlled process in the hardware implement.   

VI. FURTHER RESEARCH 
It is suggested that in the near future we can make an 

attempt to: (a) conduct practical tracking control experiment 
by using LabVIEW programming along with data-acquisition 
card in order to obtain empirical evidence; (b) use PSoC 
(programmable system-on-chip) devices from Cypress to 
miniaturize this controller for practical industrial applications; 
(c) further improve the present Grey prediction controller and 
enhance its  performance with the aid of artificial intelligence; 
(d) develop other kinds of feasible system structure for 
controller with Grey system theory 
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