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Abstract: Fuzzy logic control has met with growing interest in many motor control applications due to
its non-linearity, handling features and independence of plant modelling. The hardware
implementation of fuzzy logic controller (FLC) on FPGA is very important because of the increasing
number of fuzzy applications requiring highly parallel and high speed fuzzy processing.
Implementation of a fuzzy logic controller and conventional PI controller on an FPGA using VHDL
for DC motor speed control is presented in this paper. The proposed scheme is to improve tracking
performance of D.C. motor as compared to the conventional (PI) control strategy .This paper describes
the hardware implementation of two inputs (error and change in error), one output fuzzy logic
controller based on PI controller and conventional PI controller using VHDL. Real time
implementation FLC and conventional PI controller is made on Spartan-3A DSP FPGA
(XC3SD1800A) FPGA for the speed control of DC motor. It is observed that fuzzy logic based
controllers give better responses than the conventional PI controller for the speed control of dc motor.
Copyright © 2010 IFSA.

Keywords: Conventional controller, FLC, VHDL, FPGA.

1. Introduction

Most of the fuzzy logic applications with the physical systems require a real-time operation to
interface high speed constraints. The simple and usual way to implement these systems is to realize it
as a software program on general purpose computers, these ways cannot be considered as a suitable
design solution. Higher density programmable logic device such as Field Programmable Gate Arrays
(FPGAs) can be used to integrate large amounts of logic in a single IC. FPGAs are one of the fastest
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growing parts of the digital integrated circuit market in recent times. They can be configured to
implement complex hardware architectures. Dynamically reconfigurable FPGA systems can adapt to
various computational tasks through hardware reuse. FPGA becomes one of the most successful of
technologies for developing the systems which require a real time operation. FPGAs are more
sufficient than the simple way because they can cover a much wider range of operating conditions.
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 [9]. The term field Programmable highlights the customizing of the
IC by the user, rather than by the foundry manufacturing the FPGA. In control applications, in order to
get better control responses, [10, 11] Controller is implemented in FPGA. FPGA are two dimensional
arrays of logic blocks and flip-flops with an electrically programmable interconnection between logic
blocks. The interconnections consist of electrically programmable switches which is why FPGA
differs from Custom ICs, as Custom IC is programmed using integrated circuit fabrication technology
to form metal interconnections between logic blocks. FPGA provides its user a way to configure: The
intersection between the logic blocks and the function of each logic block. Logic block of an FPGA
can be configured in such a way that it can provide functionality as simple as that of transistor or as
complex as that of a microprocessor. It can used to implement different combinations of combinational
and sequential logic functions.

This paper is organized as follows. Section 2 explains difference between FLC and conventional
control Section 3 explains briefly the methodology of Fuzzy Logic Controller. Section 4 explains a
hardware implementation on the reconfigurable FPGA system Section 5 explains an overall
experimental set up for speed control of DC motor. Section 6 will give a discussion on the servo and
regulatory response of PI and Fuzzy Logic controller. Finally, a conclusion is drawn in Section 7.

2. Fuzzy Vs. Conventional Control

In order to design a conventional controller for controlling a physical system, the mathematical model
of the system is needed. A common form of the system model is differential equations for continuous-
time systems or difference equations for discrete-time systems. Unless physical insight and the laws of
physics can be applied, establishing an accurate nonlinear model using measurement data and system
identification methods is difficult in practice. Even if a relatively accurate model of a dynamic system
can be developed, it is often too complex to use in controller development, especially for many
conventional control design procedures that require restrictive assumptions for the plant [12, 13].As an
alternative, fuzzy control provides a formal methodology for representing, and implementing a
human's heuristic knowledge about how to control a system, which may provide a new paradigm for
nonlinear systems. Fuzzy controller is unique in its ability to utilize both qualitative and quantitative
information. Qualitative information is gathered not only from the expert operator strategy, but also
from the common knowledge [12, 13]. Fuzzy control should not be employed if the system to be
controlled is linear, regardless of the availability of its model. PID control and various other types of
linear controllers can effectively solve the control problem with significantly less effort, time, and cost.

The benefits of fuzzy controllers could be summarized as follows:

1. Fuzzy controllers are more robust than PID controllers because they can cover a much wider range
of operating conditions than PID can, and can operate with noise and disturbances of different
nature.

2. Developing a fuzzy controller is cheaper than developing a model-based or other controller to do the
same thing.

3. Fuzzy controllers are customizable, since it is easier to understand and modify their rule, which not
only use a human operator's strategy, but also are expressed in natural linguistic terms.
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4. It is easy to learn how fuzzy controllers operate and how to design and apply them to a concrete
application.

2. Structure of Fuzzy Logic Controller

Fuzzy logic has rapidly become one of the most successful of today's technologies for developing
sophisticated control systems. With its aid, complex requirements may be implemented in amazingly
simple, easily maintained, and inexpensive controllers [20]. Fuzzy control use only a small portion of
the fuzzy mathematics that is available, this portion is also mathematically quite simple and
conceptually easy to understand.

The fuzzy controller, have four main components:

e The Rule-Base holds the knowledge, in the form of a set of rules, of how best to control the system.

e The Inference Mechanism evaluates which control rules are relevant at the current time and then
decides what the input to the plant should be.

e The Fuzzification Interface simply modifies the inputs so that they can be interpreted and compared
to the rules in the rule-base.

e The Defuzzification Interface converts the conclusions reached by the inference mechanism into the
inputs to the plant [23], [25].

3. FPGA-Based Fuzzy Logic Controller

There are a number of reasons for using fuzzy logic in the speed control of DC motor, the primary
advantage being the flexibility offered by fuzzy logic. The backbone of any FLC is embodied in a set
of fuzzy rules, with two implications:

e The fact that the control strategy is represented by a set of rules and not an elaborated set of
equations. This allows the designer to change the basic characteristics of the Controller with
minimal fuss, simply by redefining the rules.

e The fuzzy aspect of the rules, deals with the imprecise definition of the system. This allows
vagueness in the design of the control system to be tolerated to a certain degree and eliminates the
need for a well-defined mathematical model of the plant.

The following sections describe the development of FLC for speed control of DC motor.

The present design utilizes three types of membership functions — I'-function, L-function
and A-function. These functions have been proven to produce good results for control applications and
can be easily implemented into hardware. The universe of discourse of the input variables is
partitioned into five fuzzy sets or linguistic values (B1 to B5), while the output variable can take any of
the nine linguistic values (D1 to D9). Graphical representations of the membership functions are
shown in Fig. 1 and Fig. 2.

The crisp values of the input variables are mapped onto the fuzzy plane using the equations above. It
gives each input variable a membership function relating to the fuzzy sets, (B! to B’) . It has to be

pointed out that in these equations, gj is used to denote the linguistic value as well as membership
function, while membership function using p; ;(X;).The universe of discourse of the output variable

is divided into nine linguistic Values. The membership functions of the output values are intentionally
made to be symmetrical, as this will simplify the defuzzification computation. E1 to E9 are the mean
of each function and act as the weightings to the weighted average method of defuzzification.
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Fig. 1. Memberships function of input variable.
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Fig. 2. Memberships function of output variable.

Each input variable can take any of the five linguistic values, therefore 25 (= 5 X 5) rules are
formulated. The rules have the typical fuzzy rule structure, using linguistic variables in both the
antecedent and consequent, and are expressed in [F-THEN manner. They map the input states onto
25 output conditions (C1 to C25). The fuzzy rules have the general form,

R:IFx,is Af ANDx,is A% , THEN yis C* (1)

Then the rule base can be represented by a fuzzy associative memory (FAM) table (Table 1).

Table 1. FAM table for FLC design.

X2) NB N z P PB
EX) 1537 (E3) (83) (8D (BE)
NB NVB NB N NS Z
(B R' R’ R’ R* R’
N NB N NS zZ PS
I:BE:: R6 R7 R8 R9 RlO
Z N NS Z PS P
P NS ZS PS P PB
[:E:f: Rl() R17 RIS R19 RZO
PB Z PS P PB PVB
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The FLC design in this work incorporates Mamdani’s implication method of inference, which is one of
the most popular methods in fuzzy control applications. In essence, Mamdani’s implication for the
fuzzy rule of (4) is given by

o) = max [min[ w0, &)k = 1.2, 2

The implication has a simple min—max structure which makes it easy to incorporate into hardware. The
block diagram in Fig. 3 provides an overview of the controller’s internal structure. Two input variables
are fuzzified, producing the corresponding linguistic values and membership functions {Bf}. The first
phase of Mamdani’s implication involves min-operation since the antecedent pairs in the rule structure
are connected by a logical ‘AND’. All the rules are then aggregated using a max-operation.

MIN MAX

Fuzzification fuzzy ?lljztgly" Defuzzification
rules

_» Bll sets
o

i

3
2

b

Fig. 3. Block diagram of the operations in a Fuzzy Logic Controller.

The dominant criterion in the selection of defuzzification technique lies in the implementation stage.
The weighted average method is viewed to be an appropriate technique for systems involving
hardware implementation. Due to the fact that the output membership functions are symmetrical in
nature, the mean of the fuzzy sets can be used as weightings for the defuzzification process. This
technique requires several multiply-by-a-constant operations and only one division process. Rule base
moulds the functionality of an FLC. The rules are most likely to be formulated based on some level of
human understanding of the plant. The design of the FLC in this paper is based on PI controllers .The
rule base is constructed from the control law of a PI system.

3.1. PI Control

The proportional-integral (PI) controller is a well-known system in control engineering. It is, in
essence, a lag compensator characterized by the transfer function
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1
G(s)= K(l + ﬁ),

where G(S) is the gain; K is the control parameter; T is the time constant.

The control law is given by the equation
1 t
Up =K e+K, T -([e.dt

where U is the control signal; e is the error, given by e = (input value) — (reference value).
Differentiating (3) gives

Wk ®k e
dt dt

In discrete-time systems, (4) can be written as

u(kt)-u(kT-T) =K, .{e(KT)—e(kT —=T)}+ K, e(kT)

Au=K Ae+K, e

2

3)

(4)

()

where AU is the change in U over one sampling period; A€ is the change in € over one sampling

period.

The values of controller parameters are found from Z-H tuning method. From the values found are
K;=0.12 and K;= 0.0201. The characteristic of a PI controller can be represented by the phase plane
diagram shown in Fig. 4. A diagonal line where Au = 0 divides the area where AU is positive and Au

is negative.

Ae

A <0

Au=0

Fig. 4. Characteristic of PI controller.
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3.2. Pl-like Fuzzy Control

At this stage, the control law in (8) is not in fuzzy terms. In order to design a fuzzy controller based on
the PI control structure, the following definitions are made:
Let

E is the linguistic variable for the error €;

AE s the linguistic variable for the change of error Ae.

U is the linguistic variable for the control output u.

The maximum range of motor is +/- 1500 rpm. The possible error range is -750 to 750.The universe of
Discourse of the change in error is based on experiment data from conventional controller which gives
the range of error is +/- 150.0Ouput of the controller ranges from +/- 8. Linguistic variables for E, AE ,
U are defined as

LE = {Negative Big(-750rpm), Negative(-500rpm), Zero(0), Positive(500rpm), Positive Big(750 rpm)}
LAE = {Negative Big(-150rpm ), Negative(-75 rpm), Zero(0), Positive(75), Positive Big(150)}
LU = { Negative very Big(-8) ,Negative Big(-6), Negative(-4), Negative Small(-2), Zero(0), Positive
Small(2), Positive(4), Positive Big(6), Positive very Big(8) }
The corresponding PI control law in IF-THEN rules has the form:

RN IF x, is 4% AND x, is 4# , THEN y is C*,

where:
Af can take any linguistic value in the set LE;

Afcan take any linguistic value in the set LAE ;
CK can take any linguistic value in the set LU.

To implement this design into the FLC, let:

e XI1=E

e X2=AE

o (B} B2B2BIBE }= (Negative Big(NB), Negative(N), Zero(Z), Positive(P), Positive Big(PB)},for i =1, 2

. {Dl, D% D, D%, D°, DS, D7,D8,D9} = { Negative very Big(NVB) ,Negative Big(NB), Negative(N), Negative
Small(NS), Zero(Z), Positive Small(PS), Positive(P), Positive Big(PB), Positive very Big (PVB)}.

Fig. 5 shows a block diagram demonstrating the implementation of the FLC in a Speed control of DC
motor .In this application, the input interface converts the output of the speed sensor into error and

change of error which are used as the two inputs to the FLC.

Another interface converts the output into the required value for the plant. The characteristics of the
interfacing blocks can be described by the following equations:

Input interface:
e =Vrer — Ve X1 =€ ; x2=x1 —x1z"

Output interface:
Au=y; u=Au+uz’
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y % 4J > Motor A

Rule base
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Fig. 5. Overall block diagram of FLC based control system for Dc motor.

4. FPGA Implementation

A Field Programmable Gate Array is a digital integrated circuit that can be programmed to do any type
of digital function. When the FPGA-based system is used for implementing the desired FLC, many
possible designs can be tried due to the reusability of the FPGA. Often, a hardware implementation on
the FPGA-based system is supported by many existing EDA tools for modelling, synthesis,
verification, and implementation. The major advantage of using the EDA tools is that the same
hardware description language code for modelling can be directly used for synthesis, verification, and
implementation. Also, the general architecture of the FLC is invariant except for the change in the
number of input and output variables, the number of fuzzy terms, the membership functions, the bit
resolutions, and the control rule base according to the different applications. The FPGA consists of
three major configurable elements:
1) Configurable Logic Blocks (CLBs) arranged in an array that provides the functional elements and
implements most of the logic in an FPGA.
2) Input-output blocks (IOBs) that provide the interface between the package pins and internal signal
lines.
3) Programmable interconnect resources that provide routing path to connect inputs and outputs of
CLBs and IOBs onto the appropriate network.

The Target device in this case is Spartan®-3A DSP family (XC3SD1800A).The features of Spartan®-
3A DSP -2XC3SD1800A is tabulated in Table 2.

Table 2. System resources of Spartan®-3A DSP family.

System gates 1800 k
Equivalent logic cells 37,440
CLB Array (one | Rows 88
CLB = four slices) | Columns 48
Total CLB 4,160
Total slices 16,640
Distributed RAM bits 260 k
Block RAM bits 1512 k
DSP48As 84
DCMs 8
Maximum user [/O 519
Maximum Differential I/O pairs 227
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The FLC is divided in to 5 VHDL components. Fig. 6 shows a diagram of the FLC architecture. Each
component is depicted with its VHDL code. The functionality of components Interfacel, Interface2
and part of the component Infer will determine the characteristics of the FLC. Input and output
variables are designed with a resolution of 8 bits.

Input output
P Input Interface Output Interface >
A
Xy vX .
B, to Bj
> D'to D’
Fuzzification Inference P Defuzzification
»
gl Rule base
B)to B}

Fig. 6. Components of Fuzzy logic controller in FPGA.

Xilinx XC3SD1800A FPGA is available in several packages and the one used for this design is the
PC-512 package which has 512 I/O pins in total. During the generation of the bitstream, the inputs and
outputs of the design are mapped to the physical I/O pins of the FPGA. The allocation of pin numbers
can either be automatically performed by the implementation tools or explicitly specified by the user.
In this design, all the pins are specified by manually assigning the appropriate pin numbers. This
enables the designer to have full control over the function of the physical pins in the FPGA. The
allocation of pin numbers to the I/O pads is shown by the schematic diagram of the design in Fig. 7.
Once the hardware specifications have been confirmed, the netlist is compiled into a bitstream file
using the Implementation procedure in Xilinx Foundation Project Manager.

U2
5 SWP Ready ~ OBUF
5;5 < IBUF SWP %Ei Rej%‘l > p82 |
p_IO ')BUFG CLK ‘RST‘- u\ i Uf?:O;
IBUF RST_vbc (7.0 I -
" —IVREF [740] w6 oBur :319
IBUF 6 - us___ £ OBUF >
LoUl VO, Control P p20
"IBUF  v5 ! ud ff(-;, OBUF p23
IBUE 4 w3 OBUF T
IBUF 3 u2 ’\1_ 8355 p25
“IBUF  v2 ul < OBU 55
BUF 1 w0 < OBUF 277
BUF v0 - OBUF =
IBUF
REF(70:)
P jg IBUF  REF]
- IBUF _ REF6
= IBUF __ REFS
Pﬁg IBUF  REF4
e "IBUF___REF3
b “IBUF  REF2
Pg] ~TBUF __ REFI
P IBUF  REFO

Fig. 7. Schematic diagram of the FPGA design.
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5. Experimental Setup

The experimental studies are carried out to evaluate the performance of the controller. Configuration is
the Process by which the bit streams of a design, as generated by the development software are loaded
into the internal configuration memory of the FPGA. To verify the performance of the controller
design on Hardware, the VHDL code (Bit file) is downloaded into the Target FPGA device (Spartan 3
family XC3S400) and the complete system is reset The experimental set up for this system consists of
a DC motor , FPGA kit(with on board ADC, DAC, PWM modules), Intelligent power module. The
overall block diagram Of Dc motor speed control is shown in Fig. 7. The DC shunt motor is chosen in
this work whose parameters are shown in Table 3.

HIGH VOLTAGE |, . |
; o | INPUTDCDC [ SOFATED Intelligent
: s CONVERTER [—* POWER SUPPLY :
: + { Il Power Module !
3.0 DIODE -t o
; BRIDGE | == ¢ g IPM - PM25RSB120 2w DC MOTOR
' | RECTIFIER 20— “
, T || % .................. % ............ E
i NN MCRB ToUT :: -/” FAULT :
AR S < G | |
; . l l OPTO OPTO VOLTAGE & SPEED
' R Y B COUPLER (1)| i |COUPLER (2) C;“E';J. S.O!E]E_lr‘ SENSOR
' 3I0AC e !
' SUPPLY ‘:“51 l l -sl ul L________l R
SIGNAL FV :
. CONDITIONAR CONVERTER| |
- OFTO PROTECTION CIRCUIT fe—=* |
. COUPLER (3) :
i me g !
R SRR / Y SR I 3 - O IO
FOPINT :
s
A,
T FPGA
PC (%/ﬂ//ﬂ//ﬂ// /////V////,r//? Spartran 3A DSP
Fig.7. Overall block diagram of speed control of DC motor.
Table 3. Parameters of DC motor.
Type 3 PHASE DC Shunt Motor
SPEED 1500 rpm
Voltage 220V
Rating 1.0 HP
Current 0.3A
Electrical resistance 1 Ohm
Electrical inductance 0.5H
Moment of Inertia of Motor 0.01Kgm®/s’
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5.1. Sensor - Optical Encoder

Circular windows around the circular disk mounted on the motor shaft such that it rotates with the
shaft. A LED is mounted on the one side of the disk and a phototransistor is mounted on the other side
of the disk, opposite to the LED, the following Fig. 8 shows the speed sensor. During rotation when
circular window come across the LED, the light passes to the phototransistor. As a result,
phototransistor conducts and produces low output at its collector. Each time when light passes through
window to the phototransistor, it conducts and output

? &
=
1)
2
f
£
18
]

Light Pass Through Circular windowy

Fig. 8. Optical encoder speed sensor.

goes low, otherwise phototransistor is off and output is high. As disk rotates the train of pulses are
generated. The number of pulses in one rotation equals the number of circular windows on the disk.
Therefore by counting number of pulses we can decide the position of the shaft as well as number of
rotations performed by the shaft. By counting the number of rotations in specific time we can also
calculate the speed of rotation. Counting the number of pulses in specific time, these pulses convert
frequency to voltage by using frequency to voltage converter.

5.2. Intelligent Power Module

Intelligent power modules (IPMs) are advanced hybrid power devices that combine high speed, low
loss IGBTs with optimized gate drive and protection circuitry. The power stage consists of a Variable
source converter (VSC) fed drive. It has two stages of power conversion ,a rectifier and converter. The
rectifier converters a fixed voltage AC to either fixed or adjustable DC voltage .The converter is
constituted of solid state switches(IGBT), that switch the DC power on and off to produce a
controllable and desired DC voltage .FPGA generates firing pulses for the power switches in the
converter. IPM consists of 1. Intelligent Power Module, 2. Voltage and Current Sensor 3. Signal
Conditioner 4. Protection, Circuit 5. Optocoupler, 6. Three phase Diode Bridge Rectifier 7. Speed
Sensor 8. Frequency to Voltage converter.

IPM has sophisticated built-in protection circuits that prevent the power devices from being damaged.
The protection schemes available in IPM are self protection, over temperature protection, over current
protection, short circuit protection. Three phase diode bridge rectifier is used to give rectified DC
voltage to IPM. Output voltages and current of IPM are not directly fed to control circuits ,because
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output voltage of IPM is high, but control circuit is operated in minimum voltage (5v).Hall effect
transducers are used for these type of conversion .Signal conditioning circuits are used to give the
reference signal of current and voltage to the protection circuit as well as to the ADC of FPGA Kkit.
Optocoupler is used to isolate the control circuit from power circuit. Speed of the Dc motor is sensed
by optical encoder which gives the output in terms of frequency proportional to speed. By means of
Frequency to voltage converter, sensor output is converted in to voltage.

Fig. 9 shows the FPGA Spartan®-3A DSP kit. The speed of the motor is measured by means of optical
encoder and given as input to ADC(AD7266). The ADC used here is 12 bit, high speed, low power,
successive approximation ADC and features throughput rates up to 2 MSPS. The set speed is assigned
to motor by toggle switches according to the requirement. Once this is done the ADC data will be read
and Fuzzy Logic Controller implemented will calculate output value and the output of controller in
term changes the duty cycle of PWM to increase or decrease the speed. IPM Module consists of
Switching power converters are used in most DC motor drives to deliver the required energy to the
motor. The energy that a switching power converter delivers to a DC motor is controlled by Pulse
Width Modulated (PWM) signal applied to the gate of a power transistor coming from PWM module
FPGA kit. once the current speed equals the set speed, the motor starts running at the set speed. Again
to change the set speed, the above procedure is repeated by changing the toggle switch position. As the
set speed is varied, the ADC voltage also varies. It is observed that the current speed, which is
displayed, on the ‘on board’ LCD display equals the set speed value. Fig. 10 shows the Photograph of
the experimental setup and working model of FPGA based DC motor speed control system

| SPRRTAN IM/S DSP FFGA CONTROLLER
“NODELIVPE-SPARTAN 34 D57

Fig. 9. FPGA Spartan®-3A DSP kit. Fig. 10. Real time experimental setup.

6. Results and Discussion

The Fuzzy Logic Controller is implemented in FPGA for real time control of speed in DC motor .
Resource utilization of Fuzzy Logic Controller is shown in Table 4. It provides the information
regarding number slices, Flip Flops, Input output blocks, total number of gates required. The
simulation of Fuzzy logic controller is shown in Fig. 10.The Fuzzy logic controller is divided in
5 modules, input interface, fuzzifier, inference , defuzzification, output interface .The output of each
module is shown in simulation result.
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The servo responses of the PI controller and FLC shown in Fig. 11 and Fig. 12. The set point is varied
from 550 rpm to 1100 rpm .For the PI controller (shown in Fig. 10), set point tracking performance is
characterized by lack of smooth transition between set point, as well as presence of overshoot and
higher rise time. From Fig. 11 we can observe that the FLC having less oscillation , zero overshoots,
less rise time. From the Fig. 10 and Fig. 11,it can be seen that FLC performs significantly better than
PI controller.

The FLC is used to control the speed of the motor while applying a load change of +10 %. The motor
is also run with a PI controller while applying the same load changes. The variations in speed with
time for 10% load change for PI controller and FLC is shown in Fig. 13 and Fig. 14.The FLC is able to

compensate for the load changes considerably better than PI controller.
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Fig. 11. Servo response of PI controller for a set point change from 550 rpm to 1100 rpm.
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Fig. 12. Servo response of FLC for a set Point change from 550 rpm to 1100 rpm.
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Fig. 13. Regulatory response of PI Controller under +10% change in speed as load.
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Fig. 14. Regulatory response of FLC Under +10% change in speed as load.

7. Conclusion

This paper presents an approach for the implementation of a fuzzy logic controller for DC motor on an
FPGA using VHDL. This paper presents the implementation of a fuzzy logic controller for a DC motor
on a Xilinx Spartan III FPGA using VHDL. The implementation of the fuzzy logic controller is very
straightforward by coding each component of the fuzzy inference system in VHDL according to the
design specifications. The design of the FLC is highly flexible as the membership functions and rule
base can be easily changed. Moreover the performance of FLC is compared with PI controller for set
point change and load change. The performance FLC was much superior than conventional PI
controller and FLC is able to compensate load changes better than PI controller. By simply changing
some parameters in the codes and design constraint on the specific synthesis tool, one can experiment
with different design circuitry to get the best result in order to satisfy the system requirement. The FLC
can also be used for control purposes in other applications.
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Registration May 15,2011 - UNWAT: Under water sensors and systems
Camera ready May 22,2011 - ENOPT: Energy optimization in wireless sensor networks

http://www.iaria.org/conferences2011/SENSORCOMM11.html
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Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal's webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2009.pdf
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Order online:
http://'www.sensorsportal.com/ HTMLIBOOKSTORE\Computational _SN.htm

&) Springer

This text proposes a model-based approach
to the design and implementation of Compu-
tational Sensor Networks. This high-level
paradigm for the development and applica-
tion of sensor device networks provides

a strong scientific computing foundation,
as well as the basis for robust software
engineering practices. Building upon a
model-based approach the text discusses
computational modeling of sensor networks
and covers real-time computational mapping
that allows for modification of system para-
meters according to real-time performance
measures.

Drawing upon years of theoretical develop-
ment and practical experience, and using
numerous examples and illustrative appli-
cations, Thomas Henderson covers the
sensor network as a computational science
tool.

Computational Sensor Network is a must
have book and will greatly benefit sensor
network application engineers, computer
engineers, computer scientists and those
involved in the development, design and
building of sensor networks in an indust-
rial, research and an academic
environment.
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