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Abstract: This paper proposes developed method to design a digital fuzzy logic controller with the
aid of conventional Proportional – integral – derivative (PID) controller using field programmable gate
array (FPGA). The method used to design a PID Fuzzy Logic controller is to design it as Proportional
– derivative Fuzzy Logic controller (PDFLC) and Proportional –integral fuzzy logic controller (PIFLC)
connected in parallel through a summer. This method reduces the number of rules needed significantly.
To simplify the controller design, we designed the PIFLC by accumulating the output of PDFLC. The
contribution in this method are, firstly, to reduce the huge number of fuzzy rules required in the
normal design for PIDFLC from 512 rules (in the case of three inputs PIDFLC) to 64 rules (in the
case of two inputs PIDFLC). Secondly, to avoid the difficult ies to formulate the control rules with
the input variable sum-of-error �e in the case of PIFLC input as its steady-state value is unknown for
most control problems. This method also enables us to design the controller to work as PDFLC,
PIFLC or PIDFLC depending on two (one-bit) external signals with programmable fuzzy sets and
programmable rule table using VHDL language for implementation on FPGA device, and to employ
the new technique of fuzzy algorithm in order to serve a wide range of the physical systems which
require a real-time operation. From the compilation and timing simulation results, the controller is able
to produce a fast response in 20.8 ns with 75.85 MHz of frequency. The time required between
validin for the first cycle is 4.423 ns. From analysis and synthesis summary, we got that the design
contain of 127 total pins and 215 combinational functions and 215 logic elements. From these
specifications and with compare it with other design using software; the controller has the ability to
serve a wide range of the physical systems which require a real-time operation.
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INTRODUCTION

A large number of fuzzy control applications with the physical systems require a real-time operation to
interface high speed constraints; higher density programmable logic devices such as FPGA can be used to
integrate large amounts of fuzzy logic in a single IC. Fuzzy logic controller provides an alternative to PID
controller since it is a good tool for the control of systems that are difficult in modeling. The control action
in fuzzy logic controllers can be expressed with simple “if-then” rule, there are many ways to implement a
fuzzy logic controller; one of them is using FPGA (Poorani, S., T.V.S. Urmila Priya, 2005). Fuzzy controllers
are more sufficient than PID controllers because they can cover a much wider range of operating conditions
than PID can, they also can operate with noise and disturbances of different nature. The most often used
method to implement a fuzzy controller as a computer program on a general purpose computer. Semi-custom
and full-custom application specific integrated circuit (ASIC) devices are also used for this purpose but FPGA
provide additional flexibility: they can be used with tighter time-to-market schedules. FPGA places fixed logic
cells on the wafer, and the FPGA designer constructs more complex functions from these cells (Onur
Karasakal, Engin Yes, 2005). FPGA offers a compromise between special-purpose ASIC hardware and general-
purpose processors, differently from the dedicated hardware, the FPGA system is flexible because it can be
easily reconfigured by the end user and reused for many different designs, FPGA based system is also useful
because it can reduce development time greatly. Several researchers discussed the design of hardware fuzzy
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logic controller; most of these works were specialized in the physical application, and were aim to get better
control responses (Tipsuwanporn, V., S. Intajag, 2004), (Daijin Kim, 2000) and (Zeyad Assi Obaid, Nasri B.
Sulaiman, 2008). Others were concerned in developing general fuzzy logic processors. Their researches were
concern using new technique in fuzzy algorithm, to get higher processing speed versus low utilization of chip
resource. FPGA implementation allows immediate manufacturing realization and negligible prototype costs. In
addition, FPGA offer affordable and practical solutions to custom applications as well as allow new vista in
designing reconfigurable digital systems (Shabiul Islam, Nowshad Amin, 2007). As a result, the proposed
design in this paper is aim to employ the new techniques of fuzzy algorithm in controlling physical systems
with the aid of conventional PID control to serve these systems efficiently.

2. Fuzzy PID Controller:
Given the dominance of conventional PID control in industrial control, it is significant both in theory and

in practice if a controller can be found that is capable of outperforming the PID controller with comparable
ease of use. Some of PID fuzzy controllers are quite close to this dream (Ying, H., 2000).

Fig. 1: Three inputs digital PIDFLC.
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There are several types of control systems that use FLC as an essential system component. The majority
of applications during the past two decades belong to the class of PID-fuzzy controllers. These fuzzy
controllers can be further classified into three types: the direct action (DA) type, the gain scheduling (GS) type
and a combination of DA and GS types. The majority of PID fuzzy applications belong to the DA type; here
the PID fuzzy controller is placed within the feedback control loop, and Computes the PID actions through
fuzzy inference. In GS type controllers, fuzzy inference is used to compute the individual PID gains (George,
K.I. Mann, Bao-Gang Hu, 1999), (Kevin, M. Passino and Stephen Yurkovich, 1999), (Jing Li and Bao-Sheng
Hu, 1996). Throughout this paper, the term “PID Fuzzy Controller” will be always used to denote the Direct
Action PID fuzzy controller. Hence, a PID fuzzy controller is a fuzzy controller that takes error, summation
of error and rate of change of error (rate for short) as inputs. According to Equation (1), a fuzzy controller
with three inputs may not be preferred, because it needs large number of rules, for example, if each input is
described with seven linguistic values, then 7x7x7=343 rules will be needed. The PID fuzzy controller can be
constructed as a parallel structure of a PD fuzzy controller and a PI fuzzy controller (figure 1), and the output
of the PIDFLC is formed by algebraically adding the outputs of the two fuzzy control blocks. This procedure
will reduce number of rules needed to 7x7+7x7 =98 rules only (Leonid Reznik, 1997). In deriving a practical
PID fuzzy controller structure the following Remarks are made (Leonid Reznik, 1997), (George, K.I. Mann,
Bao-Gang Hu, 1999).

Remark 1: For any PID fuzzy controller, the error (e) is considered the necessary input for deriving any
PID structure.

Remark 2: It is difficult to formulate control rules with the input variable sum-of error �e , as its
steady-state value is unknown for most control problems.

To overcome the problem stated in remark 2, a fuzzy PD controller may be employed to serve as fuzzy
PI controller in incremental form. This modification is shown in Figure (2), where a PDFLC, with summation
at its output, is used instead of the PIFLC (Ying, H., 2000), (George, K.I. Mann, Bao-Gang Hu, 1999) and
(Kevin, M. Passino and Stephen Yurkovich, 1999).
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Fig. 2: Two inputs Digital PIDFLC.

3. PID Fuzzy Tuning:
At present, proper determination of the design parameters is, to a great extent, more an art than a science.

No mathematically rigorous formulas or procedures exist to accomplish the design of input fuzzy sets (Ying,
H., 2000). In a case of a PID controller, a design problem includes a proper choice of the PID controller
coefficients. In a fuzzy controller design, one needs to choose many more parameters: membership functions,
Fuzzification and defuzzification procedure etc. These extra parameters make a fuzzy controller more robust
and much more difficult for analysis as well (Leonid Reznik, 1997).

Fig. 3: Normalized membership functions of variable x

Change in the scaling gains at the input and output of fuzzy controller can have a significant impact on
the performance of the resulting fuzzy control system, and hence they are often a convenient parameter for
tuning. It is interesting to consider how the scaling factors actually affect the meaning of the linguistics that
forms the basis for the definition of the fuzzy controller (Kevin, M. Passino and Stephen Yurkovich, 1999).

If g is the gain of some input (or output) variable x, which has the membership functions as shown in
Figure (3), then
• If g=1, there is no effect on the meaning of the linguistic values.
• If g < 1, since the membership functions are uniformly “spread out” this changes the meaning of the

linguistics so that, for example, “PB” is now characterized by a membership function that represents larger
numbers.

• If g>1, since the membership are uniformly “contracted” this changes the meaning of the linguistics so
that, for examples, “PB” is now characterized by a membership function that represents smaller numbers.

However, if the rules base have been formulated by the expert such approach cannot be appropriate.
Changing the scaling factors may result in losing the original linguistic sense of rules base. The experts may
recognize their rules after tuning the scaling factors and will not be able to formulate new rules (Leonid
Reznik, 1997).

4. Conventional PID Controller:
In a P controller the control deviation e(t) is produced by forming the difference between the process

variable yp(t) and the desired output yd(t); this is then amplified to give the anipu1ating variable, which
operates a suitable actuator. The P controller simply responds to the magnitude of the deviation and amplifies
it. As far as the controller is concerned, it is unimportant whether the deviation occurs very quickly or is
present over a long period.

Beside P component, there are other control components that behave in the same way mentioned below:
• The D component responds to changes in the process variable.
• The I component responds to the duration of the deviation. It sums the deviation applied to its input over

a period of time.
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The D and I components, are often combined with a P component to give PI, PD or PID controllers
(Schleicher, M. and F. Blasinger, 2003).

4.1 Position Form and Incremental Form of PID Algorithm:
The PID control law could be represented in two forms, positional form and incremental form.

Assume:

e(t) = yd(t) – yp(t) (2 )

e(n) = sample {e(t)} (3 )

r(n) = e(n) – e(n-1) (4 )

a(n) = r(n) – r(n-1) (5 )

The continuous-time linear PID controller in position form is described by the following expression:

(6)
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Where e(t) is the error signal defined in equation (2), with time t, being continuous instead of discrete.
K is again, Ti is integration time, and Td is derivative time. The corresponding discrete-time position form is
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Where r(n) is the rate signal defined in equation (4) and T is the sampling period, Kp, Ki and Kd are the

proportional gain, integral gain and derivative gain of the PID controller, respectively (Ying, H., 2000).
The above PID control algorithms are in position form because they directly compute the controller output

itself. The PID controller is often used in the incremental form, in which the controller calculates change of
the controller output (Ying, H., 2000). Note that at sampling time n-1,

(8)
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Hence, the incremental form of the PID controller corresponding to equation (7) is:

(9)� �( ) ( ) ( 1) ( ) ( )p i du n u n u n K r n K e n K a n� �   � � �

4.2 PI and PD Controllers and their Relationship:
In practice, PID control sometimes is not desired; instead, a controller in the form of PI or PD control

is more effective and appropriate. This is because the derivative term tends to amplify noise and hence should
be avoid if the system output is rather noisy. On the other hand, the integral term can cause slower system
response and larger system overshoot? It should not be included in certain applications of PID control. When
Kd is set to zero in Equation (9), the PID controller becomes a PI controller in incremental form:



Aust. J. Basic & Appl. Sci., 3(3): 2724-2740, 2009

2728

(10)� �( ) ( )p iu n K r n K e n� � �

Whereas when Ki = 0 in equation (9), the PID controller reduces to a PD controller in incremental form:

(11)� �( ) ( )p du n K r n K a n� � �

A PI controller in incremental form is related to PD controller in position form. Letting Ki = 0 in
equation (7), a PD controller is obtained in position form:

(12)( ) ( ) ( )p du n K e n K r n� �

Now by comparing equation (10) with equation (11), one sees that the PD controller in position form
becomes the PI controller in incremental form if (1) e(n) and r(n) exchange positions, (2) Kd is replaced by
Ki and (3) u(n) is replaced by �u(n), (Ying, H., 2000), (Leonid Reznik, 1997) and (George, K.I. Mann, Bao-
Gang Hu, 1999), as shown in Figure(4).

Fig. 4: Steps required to make PD in position form work as PI in incremental form.

In order to represent these steps in control structure, to get our proposed design, figure (5); show the
structure of the proposed design as a digital PID fuzzy logic controller with two input (e(n) and �e(n)), as well
as the selection lines required to chose the controller type. Both controllers, PDFLC and PIFLC, receive the
same error signal. The error signal is calculated by subtracting plant output (yp) from the desired output (yd).
For our design we used membership function with 8 linguistic variables, since according to equation (1), we
need 8*8=64 rules only

5. Layout Representation of the Proposed Controller in FPGA Chip:
Generally, this controller accept two types of outputs, the first one is the plant ( Yp ) and the second one

is the desired output ( Yd ), both of them is digital signals, and deliver the control action signal as a digital
output. It also accept four 8-bit digital signals that represent the gain parameters which needed by the controller
(proportional gain Kp , derivative gain Kd , integral gain Ki , and output gain Ko ), and other two one-bit
signals to select the type of the controller (PDFLC, PIFLC, or PIDFLC). Fuzzy controller applications do not
require high accuracy. Accuracy of 6-9 bits is enough and is quite sufficient for different applications. Many
designed Fuzzy inference system (FIS) chips use this range of bits (Leonid Reznik, 1997). Figure (6) shows
the layout representation of the proposed controller with the input-output ports. The signals valid-in and valid-
out act two handshake signals that provide information to the external interface. Valid-in signals the acquisition
of an input data and valid-out notifies the generation of a new output data.
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Fig. 5: Structure of the proposed controller.

Fig. 6: Layout representation of the proposed controller in FPGA chip.

6. Simulation Environments:
ALTERA QUARTUSII 9.0 programs was used to get the compilation and timing test results as well as

synthesized design, for simulations results, Quartus simulator withModelsim 9.0 simulation program was used.
For the purpose of simulation symmetric triangular fuzzy sets and singleton fuzzy sets are used for input and
output variable respectively, in addition to rule table of 64 fuzzy rules. As shown in the Figure (7).

7. Compilation and Simulation Test Results:
Fuzzy logic controller contains of three parts in any design, fuzzifier, inference engine or rule base and

defuzzifier as shown with more details in the following sections. Figure (8), shown the structure of the fuzzy
logic controller

7.1 The Fuzzifier Block:
It is seem that the first part of the fuzzy logic controller accept one input e(n), and for our design is must

accept two input (e(n) and �e(n)), that mean the modification in our design must change the fuzzifier to accept
two input, so that our fuzzifier will depend on two one-input fuzzifier. The fuzzification process is performed
using two fuzzifier blocks, one for each input variable. The fuzzifier block takes the input variable and
produces four output values. These four values represent the sequence numbers of the two active fuzzy sets,
(i and i+1), and the membership degrees of the variable in each one of them, (�i and �i+1). Fuzzifier block
consists of three elements: memory module, inverter, and incrementer, connected as shown in Figure (9). The
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Fig. 7: (a) Inputs fuzzy sets, (b) Output fuzzy sets, (c) Rules table.

memory module is used to stores membership values and active fuzzy set number for each entry value of input
(for q bits input there are 2 q possible entries). Membership functions of any shape could be implemented in
this memory by choosing the right memory words that represent the desired membership functions accurately.
The memory module was implemented using MegaWizard Plug-in Manager provided by Altera quartus II as
a read-only memory (ROM). Using MegaWizard assures perfect design specification. Designing the memory
module as a ROM means that there is no way to reprogram it during operation, though it can easily be
reprogrammed, when the FPGA chip is reprogrammed again, by providing new content of ROM in a text file
of extension “.coe” or “.mif”. Figure (9) shown the structure of one-input fuzzifier in the software-based
design, Figure (10) and figure (11) shown the design results of one-input and two-input fuzzifier in our design
(FPGA-based) respectively.
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Fig. 8: Structure of fuzzy logic controller with unity feedback control system.

Fig. 9: Structure of one-input Fuzzifier block in software-based design.

Fig. 10: Design result of one-input Fuzzifier block in FPGA-based design.

Fig. 11: Design result of two-input Fuzzifier block in FPGA-based design.
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7.2 Inference Engine Block:
The second part of fuzzy logic controller is the inference engine; inference engine is consisting of three

blocks: active rule selector, rule memory , and minimum circuit. The memory module was implemented using
MegaWizard Plug-in Manager provided by Altera quartus II as a read-only memory (ROM). Using
MegaWizard assures perfect design specification. Designing the memory module as a ROM means that there
is no way to reprogram it during operation, though it can easily be reprogrammed, when the FPGA chip is
reprogrammed again, by providing new content of ROM in a text file of extension “.coe” or “.mif”.

Active Rule Selector:
Different mechanisms can be used to minimize both the calculation time and the area of fuzzy inference

system. Among the most interesting methods is the active rules selector concept (Sanchez, S., Solano, A.
Barriga, 1997), (Huang, S.H. and J.Y. Lai, 2005). Active rules selector block uses the information delivered
from fuzzifier about active fuzzy sets to launch only active rules. In this way using an active rule selector, the
number of rules to be processed will be reduced according to this equation:

Number of active rules = V m (13)

Where m is the number of inputs, and V is the maximum number of overlapped fuzzy set. In the proposed
design, it assumes that m = 2 and V = 2. Hence, the number of active rules at each time is: = 22 = 4 V m

rules. The active rules selector contains two counter-controlled multiplexers as shown in Figure (12). Since
there are only two active fuzzy sets for each input at a time, both multiplexers need four clock cycles to
deliver the four permutations of these fuzzy sets accompanied by its membership degree values. In order to
generate four clock cycles, two-bit counter is needed.

Rule Memory and Minimum Circuit:
In each counter cycle, the membership degrees delivered from the two multiplexers are combined through

the minimum circuit to calculate the applicability degree of the rule (�k), while the active fuzzy set sequence
numbers are combined direc tly to address a rule memory location, which contains the corresponding rule
consequent (�k). The rule memory is a ( 22×r × q ) bits ROM designed using MegaWizard, and each word in
it represents the position of the output singleton membership functions of one rule. Figure (13) show the design
result of the inference engine in our design.

Fig. 12: Structure of Inference Engine block in software-based design.
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Fig. 13: Design result of Inference Engine block in FPGA-based design.

7.3 Defuzzifier Block:
The defuzzification process is performed in the Defuzzifier block using the Centroid method defined by

Equation (14) where N represents the number of rules. The four main components that represent the proposed
Defuzzifier are: two accumulators, one multiplier, and one divider. The defuzzifier block accepts four rules
consequent and their membership degrees from the inference engine, and produces a crisp output to the output
gain block, as shown in Figure (14).
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At each clock cycle, the multiplier receives q bits rule consequent from rule memory and p bits
membership degree from the minimum block, and produces p + q bits to accumulator_1, which in turn,
produces p + q + 2 bits to the divider (accumulation four number, each of x bits, will produce a result of x+2
bits). At the same time accumulator_2 receives p bits membership degree from the minimum block and
produces p + 2 bits to the divider. Both accumulators are reset every four clock cycles to receive the next four
active rules of the next input. Note that the membership degrees and rules consequents are delivered from the
inference engine in a sequential manner in four consecutive clock cycles, instead of being produced in parallel
in one clock cycle. This will enhance (reduce) the used area of the target FPGA, at the expense of increasing
time interval between input latching and output producing. However, during the design, whenever a trade off
between area and speed is found, it is directed to optimize (reduce) area at the expense of speed reduction,
since the maximum time delay caused by controller is still much less than minimum sampling time in many
industrial applications

Figure (15) shown the design result of the defuzzifier block in our design as the same structure in the
block explained above For the third part of fuzzy logic controller.
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Fig. 14: Structure of Defuzzifier block in software-based design.

Fig. 15: Design result of Defuzzifier block in FPGA-based design.

7.4 Full Design Result of Fuzzy Logic Controller:
The main block in the PDFLC is the fuzzy inference block. The proposed fuzzy inference block is a two

inputs, one output fuzzy system of Mamdani type, that uses singleton membership functions for the output
variable (it could also be considered as a Sugeno type with constant rule consequents. The first input is the
error signal e(n), and the second input is the rate of change of error signal defined as the difference between
two consecutive error values. Before entering the fuzzy inference block, each one of these two inputs is
multiplied by a gain coefficient inside the PDFLC, (Kp and Kd or Kp and Ki). In similar manner, the output
of the fuzzy inference block is multiplied by a gain coefficient inside the PDFLC, (Ko). At the same time, the
output of the fuzzy inference block in the second PDFLC is multiplied by a gain coefficient then accumulated
to form the uPIFLC. Both outputs (uPDFLC and uPIFLC) are added together to form the PIDFLC output
(uPIDFLC). Since each PDFLC has its own gains and rules, the final design could act as a PDFLC, a PIFLC,
or a PIDFLC depending on the two selection lines L1 and L0, as shown before in figure (5). This design also
contain of output line required to test the plant which represent any physical model, and also other line can
be used to test other parts like Op-Rom which used to save the rule base in the inference engine block. Figure
(16) shows the design result of the proposed fuzzy logic controller using FPGA.
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Fig. 16: Design result of the full FPGA-based fuzzy logic controller design.

In the timing test for our design, we got that the maximum actual time required for PD controller is
20.803 ns between opgain (2) and the output (3), as shown in figure (17).

Fig. 17: Timing analyzer summary.

The compilation during Altera Quartus II contains of many steps and these steps are: synthesis and
analysis, fitter (place and rout), assembler, classic timing analyzer and EDA netlist writer. For the synthesis
and analysis for our design, figure (18) shows the Analysis & synthesis resource usage summary, which
obtained after the compilation. For the second step in the compilation which represents the place and routing,
figure (19) to figure (23) show the design results of the LAB signals after compile our design.

8. Conclusion:
This paper proposed the developed design method of the multi purpose fuzzy logic controller using FPGA,

to make use of FPGA technology features (small device size, high speed, low coast, and short time to market),
in order to make a comparison with other design using software especially with the physical systems which
require a real-time operation. Compilation and timing test results for our design method show that the design
using hardware description language is able to produce the same structure for the design using MATLAB. In
the timing test for our design, we got that the maximum actual time required for PD controller is 20.803 ns
between opgain (2) and output (3). The time required for validin during the first cycle is 4.423 ns. From
analysis and synthesis summary, we got that the design contain of 127 total pins and 215 combinational
functions and 215 logic elements. By compare the design structure which obtained in our design with the
structure obtained form the software-based design, it is clear that our design specifications is very closed to
others which obtained in the previous work using software. From this compression, we got that the responses
of the proposed controller are very close to the responses of the software-based controllers which designed
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Fig. 18: Analysis & synthesis resource usage summary

using MATLAB with compare with other design especially in (George, K.I. Mann, Bao-Gang Hu, 1999) and
(Hu, B.G., G.K. Mann, 1999). From these specifications, the controller has the ability to serve a wide range
o f the physical systems which require a real-time operation, As a result, the proposed controller could be used
to control many industrial applications, e.g. in pressure control, up to higher sampling time in the case of
temperature control of larger installations (industrial furnaces), its small size and high programmability make
it a good choice for these applications, such as robots, and is able to offer adequate accuracy
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Fig. 19: LAB signals sourced.

Fig. 20: LAB signals sourced out.
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Fig. 21: LAB logic elements.

Fig. 22: LAB wide signals.
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Fig. 23: LAB Distinct inputs.

REFERENCES

Poorani, S., T.V.S. Urmila Priya, K. Udaya Kumar and S. Renganarayanan, 2005. " FPGA based fuzzy
logic controller for electric vehicle", Journal of The Institution of Engineers, Singapore, 45: 5.

Onur Karasakal, Engin Yes, 2005. " Implementation of a New Self-Tuning Fuzzy PID Controller on PLC",
Turk J Elec Engin, 13(2).

Tipsuwanporn, V., S. Intajag and V. Krongratana, 2004. "Fuzzy Logic PID controller based on FPGA for
process control", IEEE International Symposium on Industrial Electronics, 2: 1495-1500 IEEE.

Daijin Kim, 2000. " An Implementation of Fuzzy Logic Controller on the Reconfigurable FPGA System",
IEEE transactions on industrial electronics, 47(3): 703- 715.



Aust. J. Basic & Appl. Sci., 3(3): 2724-2740, 2009

2740

Schleicher, M. and F. Blasinger, 2003. ” Control Engineering A Guide for Beginners” Jumo Gmbh & Co.
KG, Fulda, Germany, 3rd edition.

Ying, H., 2000. “Fuzzy control and modeling, analytical foundations and applications”, Institute of
electrical and electronic engineering, Inc., USA.

Leonid Reznik, 1997. “Fuzzy controllers”, Newnes, first edition.
George, K.I. Mann, Bao-Gang Hu and Raymond G. Gosine, 1999. ” Analysis of Direct Action Fuzzy PID

Controller Structures” IEEE transactions on systems, man, and cybernetics-part b: cybernetics, 29(3).
Jing Li and Bao-Sheng Hu, 1996. ” The Architecture of Fuzzy PID Gain Conditioner and Its FPGA

Prototype Implementation”, second international conference on ASIC, pp: 61-65.
Hu, B.G., G.K. Mann and R.G. Gosine, 1999. " New Methodology for Analytical and Optimal Design of

Fuzzy PID Controllers,” IEEE Transactions on Fuzzy Systems, 7(5): 521-539.
Kevin, M. Passino and Stephen Yurkovich, 1999. “Fuzzy Control” Addison Wesley Longman, Inc., USA.

“Virtex� 2.5 V Field Programmable Gate Arrays” data sheet DS003, www.xilinx.com
Zeyad Assi Obaid, Nasri B. Sulaiman, Mazin T. Muhssin, 2008. "Design of Fuzzy Logic Controller Using

FPGA For The Non-Linear Systems" proceeding of 3rd International Conference on Postgraduate Education
In Penang, Malaysia.

Shabiul Islam, Nowshad Amin, M.S. Bhuyan, Mukter Zaman, Bakri madon and Masuri Othman, 2007. "
FPGA Realization of Fuzzy Temperature Controller for Industrial Application", WSEAS Transactions On
Systems And Control, ISSN: 1991-8763, 2(10): 484- 490.

Sanchez, S., Solano, A. Barriga, C.J. Jimenez, J.L. Huertas, 1997. " design and application of digital fuzzy
controllers", Sixth IEEE International Conference on Fuzzy Systems (FUZZ-IEEE’97), 2: 869-874, Barcelona -
Spain.

Huang, S.H. and J.Y. Lai, 2005. "A High Speed Fuzzy Inference Processor with Dynamic Analysis and
Scheduling Capabilities", IEICE Transaction Information & System, E88-D, No.10.


