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NEURAL NETWORKS AND FUZZY LOGIC CONTROL
(Common to Electronics and Instrumentation Engineering, Bio Medical Engineering, Electronics and Control Engineering)
Time: 3 hours.






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---

1.a)
What is the significance of momentum term in back propagation learning.

   b)
Explain the Hopfield network algorithm & its limitations.
2.       What do you mean by an indirect learning architecture?. With suitable diagrams,

           explain the specialized on-line learning control architectures.
3.
Explain the procedure of identification of dynamical system using neural   networks.

4.a)    Given that A=0.2/3 + 0.5/4 + 0.8/5 and B=0.3/3 + 0.2/4 + 0.7/5 + 0.6/6, determine        the algebraic product of the two sets. 





   b)
Discuss the reflexivity properties of the following fuzzy relation:  

	
[image: image1.wmf]R

~


	x1
	x2
	x3

	x1
	1
	.7
	.3

	x2
	.4
	.5
	.8

	x3
	.7
	.5
	1


5.
 Describe the design of fuzzy logic control with a case study.
6.      Design a fuzzy controller for a temperature control system of a room. Assume                                        your own control actions due to which the temperature of the room may vary. Design in fuzzy rule-
based system to keep the room at a comfortable temperature.
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Set No:1
7. 
For the data shown in the accompanying table, show the first iteration in trying to compute the membership values for the input variables x1, x2 and x3 in the output regions R1 and R2. 
Assume a random set of weights for your neural network. 

	x1, 
	x2 
	x3
	R1 
	R2

	1.0
	0.5
	2.3
	1.0
	0.0


(a) Use a 3 x 3 x 1 neural network

(b) Use a 3 x 3 x 2 neural network

(c) Explain the difference in results when using (a) and (b).

8
 Which of the following are equivalence relations?

	Set
	Relations on the Set

	a. People
	Is the brother of

	b. People
	Has the same parents as

	c. Points on a map
	Is connected by a road to 

	d. Lines in plane geometry
	Is perpendicular to

	e. Positive integers
	For some integer k, equals 10k times


Draw graphs of the equivalence relations with appropriate labels on the vertices.
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1.a)
Explain what is supervised & unsupervised learning with examples.

b)
Explain the logic functions using truth fabels performed by the following networks with MP nerrons:
[image: image2.png]



2.a) 
What are major issues arise in plant inverse identification. Explain.

   b)
Explain the neural network configuration for plant inverse identification.
3.a)
What are different schemes of neuro-control for dynamical systems?. Explain each of them in detail.
4.a)
Let 
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. The relation R from A to B is given by 
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. Construct a fuzzy arrow diagram to show the relations S and R.


    (b)
Give possible reasons for triangular membership functions being used, particularly when the height of intersection of each two successive fuzzy sets is equal to one-half.
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5.a)      Explain the major assumptions in a fuzzy logic control system design.

    b)     Explain the mathematical representation of fuzzy systems.
6. 
Design and develop a pressure process control by FLC model. Formulate necessary membership functions and required fuzzy rules for the application.

7.
For the data shown in the following table show the first iteration in trying to compute the 
membership values for the input variables x1, x2 and x3 in the regions R1 and R2 and R3
	x1,
	x2
	x3
	x4
	R1
	R2
	R3

	10
	0
	- 4
	2
	0
	1
	0



Use a 4 x 3 x 3 neural network with a random set of weights. 

8. Given the discretized form of the fuzzy variables X, Y, Z1, Z2 and Z3,



X= {0/0 + 0.5/1 + 1/2 + 0.5/3 + 0/4}



Y = {0/2 + 0.5/3 + 1/4 + 0.5/5 + 0/6}



Z1 = {0/5 + 0.5/6 + 1/7 + 0.5/8 + 0/9}



Z2 = {0/10 + 0.5/11 + 1/12 + 0.5/13 + 0/14}



Z3 = {0/20 + 0.5/21 + 1/22 + 0.5/23 + 0/24}

a) Form analogous continuous membership functions for X, Y, Z1, Z2 and Z3.

b) A system is described by a set of three rules, using the foregoing fuzzy variables. All the rules have to be satisfied simultaneously for the system to work. The rules are these:

(i) If X and Y then Z1

(ii) If X or Y then Z2

(iii) If X2 or Y2 then Z3

c) What would be the output of the system by graphical inference, using the max-min technique, if x=3 and y=4. Use the centroid method for defuzzification.
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1.a)
Give the brief operation of biological neural network.

b)
Explain how biological neural network is superior over a conventional computer system.
2. What are the basic nondynamic learning control architectures?. Explain each of them.
3.
Define the problem of control of dynamical system and explain how to achieve them   through neural networks.

4 (a) 
Let the two fuzzy sets 
[image: image6.wmf]A

~

and 
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~

be defined as 
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={(0, 0.2), (1, 0.3), (2, 0.4), (3. 0.5)}


[image: image9.wmf]B

~


 = {(0, 0.5), (1, 0.4), (2, 0.3), (3, 0.0)).


Is the following set a fuzzy relation on 
[image: image10.wmf]A

~

 and 
[image: image11.wmf]B

~

?


{((0, 0), 0 .2), ((0, 2, 0.2), ((2, 0), 0.2)}.


Give an example of a fuzzy relation on 
[image: image12.wmf]A

~

 and 
[image: image13.wmf]B

~

.

    (b)
State and explain the “subsethood” theorem.

5      List the various defuzzification techniques. Explain each of them in detail.
6.
 Design and analyze a fuzzy controller for the simplified version of the inverted 
pendulum system. The differential equation describing the system is given by
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where m is the mass of the pole located at the tip point of the pendulum, l is the 
length of the pendulum, is the deviation angle from vertical in the clockwise 
direction, ( = u(t) is the torque applied to the pole in the counterclockwise direction 
( u(t) is the control action), t is time, and g is the gravitational acceleration constant.
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7.
For the data shown in the following data table, show the first 2 iterations in trying to compute the membership values for the input variables R, B and Y rejoins L & M.

	R
	B
	Y
	L
	M

	0.1
	0.02
	0.3
	1
	0


a.
Use a 3 x 2 x 2 x 2 neural network with initializing all the weights to 0.5 

                  b.      Use sigmoid activation function.

8.
The accompanying Sagittal diagrams show two relations on the universe, X={1, 2, 3}. Are these relations equivalence relations? Justify your answer.


a)




b)
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1.a)
What are the three models of Artificial neuron. Explain them in detail.
b)
Compare and contrast Artificial neural networks with conventional computer system.
2.
Define the problem of process identification. What are the possible neural       network configurations for plant identification? Explain each of them.
3      
Explain the design procedure of neuro-controller for a dynamical system with a          
case study.
4.  
Let X = { 1, 2, 3,  . . . , 10}. Determine the cardinalities and relative cardinalities of the following fuzzy sets.






(i)  
[image: image15.wmf]A
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 = {(3,10, (4, 0.2), (5, 0.3), (6, 0.4), (7, 0.6),  (8, 0.8), (10,1), (12, 0.8), (14,0.6)}.

(ii) 
[image: image16.wmf]B
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 = {(2,0.4), (3, 0.6), (4, 0.8), (5, 1.0), (6, 0.8), (7, 0.6), (8, 0.4)}

(iii) 
[image: image17.wmf]C

~

 = {(2, 0.4), (4, 0.8), (5,1.0), (7,0.6)}
5.
Explain the step-by-step procedure in designing of a fuzzy logic controller.
6.
Conduct a simulation of the final descent and landing approach of an  aircraft. The 
desired downward velocity is proportional to the square of the height. Thus, at 
higher altitudes, a large downward velocity is desired. As the height (altitude) 
diminishes, the desired downward velocity gets smaller and smaller. In the limit, 
as the height becomes vanishingly small, the downward velocity also goes to zero. 
In this way, the aircraft will descend from altitude promptly but will touch down 
very gently to avoid damage. Assume all the necessary conditions to be used to 
design an adaptive FLC.

7 Show the first 2 iterations in trying to compute the membership functions of the 
following data using 3 layer feed forward network 

	X1
	X2
	X3
	Y1
	Y2
	Y3

	0.001
	0.31
	0.28
	0
	1
	0


Use 3 x 4 x 2 network with initial random weights 

Use binary step activation function for hidden layer and sigmoid activation                                            function for o/p layer. 
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8.a) 
 For finding the volume of the cylinder, we need two parameters, namely, radius and height of the cylinder. When the radius is 7 centimeters and height is 12 centimeters, then the volume equals 1847.26 cubic centimeters (using volume= (r2h). Reduce the following rule to canonical from: If x1 is radius AND x2 is height, THEN y is volume.

b)
According to Boyle's law, for an ideal gas at constant temperature t, pressure is inversely proportional to volume, or volume is inversely proportional to pressure. When we consider different sets of pressures and volumes under the same temperature, we can apply the following rule: IF x1 is p1v1 AND x2 is p2v2, THEN t is a constant. Here p is pressure and v is the volume of the gas considered. Reduce this rule to canonical form.
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