Fuzzy Inference System in Hexor robot based on sonar radar

Written by Seho Park

Hexor robot

Hexor robot has six legs, one camera, one sonar sensor, two switch bump sensor for antenna, and IR sensors at front and back. Based on figure 1, we can add a speaker, microphone, one more servo motor, and programmable AVR controller and commutation module to improve the existing robot. 
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Figure 1: Main board structure in Hexor

Sonar sensor (SRF04) in Hexor robot

The SRF04 ultrasonic range finder provides precise, non-contact distance measurements from about 3 cm (1.2 inches) to 3 meters (3.3 inches) yards. The SRF04 works by transmitting an ultrasonic (well above human hearing range) pulse and measuring the time it takes to "hear" the pulse echo. Output from the SRF04 is in the form of a variable-width pulse that corresponds to the distance to the target. Because this sonar can detect from 3.3 inches to 1.2 by front beam, Hexor can detect the area ranges from 0° to 90° while moving.  Figure 2 shows the detecting map of SRF04.
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Figure 2: The detecting map of SRF04

Fuzzy Logic

Hexor robot has a sonar sensor can detect the distance from objects.  Sensor data provides the indication of a distance from a object, we can apply the fuzzy logic on those data to obtain the escaping angle at rational position.  Fuzzy is a good approach to problems that involve uncertainty, angle control to escape obstacle, velocity control, and vision system. 

Human beings make decisions based on rules.  Even though, we may not be aware of it, all the decisions we make are based on computer like if-then statements.  Fuzzy logic incorporates a simple, rule-based IF X AND Y THEN Z approach to a solving control problem rather than attempting to model a system mathematically. Fuzzy logic is inherently robust since it does not require precise inputs.  The input is imprecise, but a very descriptive language is used to deal with data more like human operation.  

Hexor has two more input sensors which is switch pump sensor and IR sensor. These sensors have only 0 or 1 values, so these can not be adapted in fuzzy logic but conferred to whole programming as an interrupt signal. 

Fuzzy Inference System (FIS)

FIS is composed of membership functions, fuzzy rules, aggregation and defuzzification.  FIS has three major steps: 1) using membership functions to graphically describe a situation, 2) apply fuzzy rules on the inputs of membership values to determine their influence on the fuzzy outputs sets, a 3) aggregation of the outputs from each fuzzy rules rule, and 4) using defuzzification technique to obtain the crisp results which the system derives.

Membership function

Membership function is a curve that defines how each point in the input space is mapped to a membership value (or degree of membership) between 0 and 1.  Since it is a graphical representation of the magnitude of participation of each input, we need determine the input and output relationships and choose input parameters.  The input of a membership function is crisp input, and those crisp input are changed to fuzzify values though membership function.  The output of the membership function ranges from 0 to 1, and it is called antecedent (µ).  Figure 3 shows two different membership functions for TALL: sharp-edged and continuous membership function.  If the membership function is sharp-edged, the rules are sloppy. 
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Figure 3: Different membership functions.

Membership functions in Hexor

There is a unique membership function associated with each input parameter.  Hexor has three input parameter: Left, Middle and Right.  Thus, Hexor has three member functions.  
Fuzzy rules and fuzzy variables


FIS works on fuzzy rules.  Fuzzy rules describing the control system consist of two parts, an antecedent block (between the IF and THEN) and a consequent block (following THEN).  Fuzzy variables are used to represent a fuzzy logic system’s operating parameters.  Fuzzy variables are adjectives that modify the input parameters. 

Figure 4 shows an example of using fuzzy rules on a system. The fuzzy rule is “If services is excellent or food is delicious, then tip = generous”.  The system has two input parameters, input1 = 3 and input2 = 8.  The fuzzy variables of services and food in this example are excellent and delicious respectively.  Since the condition in the fuzzy rule is an OR statement, after applying the fuzzy rules on the membership functions, the maximum value between two antecedent values is chosen (OR operator) to generate the crisp output.


[image: image4]
Figure 4: Apply fuzzy rule on a system.

Aggregation and Defuzzification


Aggregation is a process that aggregates the outputs of each rule into a single fuzzy set.  After the aggregation step, the final result is defuzzified into a crisp output which drives the system.  Figure 5 shows a complete procedure of FIS.  After applying fuzzy rules on membership functions, the final result is aggregated into a single fuzzy set.  During the defuzzification, a fuzzy centroid algorithm is used to defuzzify the aggregated result into a crisp output.  
[image: image5]
Figure 5: Complete procedure of FIS

FIS in Hexor

Hexor has three input parameter: Left, Middle and Right.  Since there is a unique membership function associated with each input parameter, Hexor has three member functions. Figure 6 shows the FIS in Hexor and Figure 7 shows the input parameters in Hexor.  Figure 8 shows the membership function for left and right, and figure 9 shows the membership function for middle.  
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Figure 6: FIS in Hexor
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Figure 7:  Input parameters in Hexor: Left, Right and Center
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Figure 8:  Left & Right membership function

[image: image9]
Figure 9:  Middle Membership function in Hexor
The fuzzy variables on input parameters in Hexor are: near and far on Left and Right parameters, and near, middle and far for Center parameter.  Figure 10 shows Hexor’s output angle.  Hexor has seven fuzzy rules as below:

1. IF right is far and center is near and left is near THEN angle is RRR.

2. IF right is near and center is near and left is far THEN angel is LLL.

3. IF right is far and center is medium and left is near THEN angle is RR.

4. IF right is near and center is medium and left is far THEN angle is LL.

5. IF right is far and center is far and left is near THEN angle is R.

6. IF right is near and center is far and left is far THEN angel is L.

7. IF right is far and center is far and left is far THEN angle is straight.
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Figure 11 shows the result in MATLAB and Figure 12 shows the angle to escape the object.
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Figure 11: result in MATLAB
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Figure 12: The angle to escape from the object.

Discussion


We think that increase the number of input variables and membership functions can make the result more accurate. However, we should not forget that FIS should be simple and easy to understand.  Increases the number of variables also increases the complexity of FIS.  This is almost as same as crisp logic. 
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Figure 13: Left is crisp functions.  Right is fuzzy membership functions

We can see from figure 13, the fuzzy membership functions cover all the areas as crisp. The Result can be more elaborate but the effort is same as crisp logic. Chosen a rational number of membership functions and fuzzy rules needed experience and thought to an engineer according to applications.

Adaptive neuro-fuzzy inference system (ANFIS)

We have only considered membership functions that have been fixed, and somewhat arbitrarily chosen. Also, we have only applied fuzzy inference to model systems whose rule structure is essentially predetermined by the user’s interpretation of the characteristics of the variable in the model. Using a given input/output data set, the ANFIS constructs a fuzzy inference system whose membership function parameters are adjusted using either a back propagation algorithm alone, or in combination with a least squares type of method. This allows your fuzzy system to learn from the data they are modeling [4].
Changing wheels angles to legs’ step

Hexor has six legs, so it is hard to move in an exact angle calculated by FIS. I will describe some methods to make the angle by legs. Robot can only move to angle 0°, 30°, 60° and 90° in each left and right direction.  It is impossible to make a 45° movement. However, after setting toward the target, we can move robot toward the target.
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We use figure 12 to demonstrate how to make a 45° escape angle by legs. Suppose we know the distance of OB is 50 cm, robot can make a 45° movement as follows:

1) Move to point A from point O in 15° angle by 25.88cm.  It is calculated from the equation OA = OB sin ∠BOA / sin∠BAC = 50 sin15°/sin30°, and 

2) Move from point A to point B in 30° angle by 25.88cm.  It is calculated from 

OA = (OB cos ∠BOA ) – (AB cos ∠BAC) = 50 cos15° - 25.88cos30°.  After those two movements, robot will make a 45° escape angle.
I can choose the arbitrary target distance. If the target is within “NEAR” (about 1m) area, there is no problem to meet another obstacle. In order to go to the target for the shortest distance, I give different orders depending on the output angle from FIS. Table 1 shows the order and angle.  Angle 1 is 60°(RR) and angle 2 is -30°(L) in previous example respectively. After robot arrives at the target, he will detect again by sonar sensor to find the next target. 
	Angle
	-90°~ -60°
	-60°~ -30°
	-30°~ 0°
	0°
	0°~ 30°
	30°~ 60°
	60°~ 90°

	1
	LLL
	LL
	L
	S
	R
	RR
	RRR

	2
	R
	R
	R
	S
	L
	L
	L


Table 1: the divided angle to go to target and order.
Using bump sensor and IR sensor
 Bump sensor and IR sensor, which is in back and front, can be used for detecting the area that robot can not see, which is under the sonar and the area of legs. Hexor can use these two sensors for interrupt signal. Figure 13 shows the detecting area. When an obstacle is detected, robot moves backwards to either right or left, then detect the area again by sonar. While moving backwards if robot meets another obstacle by IR sensor, robot moves forwards.
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[image: image14]
Figure 14 shows a robot move backwards and forwards when bump sensor and IR sensor detects an obstacle. When Hexor moves backwards either left or right, robot can use IR sensors to detect the back area about that not see by sonar.  Table 2 shows the direction of back walking when a robot gets a signal from bump and IR sensors.
	Direction
	Back Left
	Back Right
	Forward

	IR sensor
	Forward-Left IR sensor
	Forward-Right IR sensor
	Back-IR sensor

	Bump sensor
	Left Bump sensor
	Right Bump sensor
	-


Table 2: the direction of moving, when a robot gets a signal from bump and IR sensors
System interface
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Figure 15: Heoxor system diagram.

Figure 15 shows Hexor’s system diagram.  The inputs are the data from sensors and the outputs are walking and moving of clamp.  Main system has the function to control between inputs and outputs.  Sonar sensor, IR and bump sensor are connected to walking system.  Camera is used to find a red can.  The Main system is able to switch these connections.
[image: image15]
In walking system robot has three states: stop, forward walking and back walking.  At the stop state, a robot detects obstacles and target, and then receives an angle to move from the main system.  At forward walking state, while robot walks forward, robot detects other obstacle by IR sensor and bump sensor.  When the robot is interrupted, robot moves backwards.  At back walking state, robot performs when robot meets undetected obstacles or an error angle. Also, when robot is interrupt, robot s while moving backward, robot moves forward.  After done forward and backward, robot is stopped, and waits for the command from the main system.

Conclusion 

While we live in real life, can we make a system fit to flexible life? We need unlimited amount of data and programming.  Fuzzy logic can accept all area through simple variables.  Its thinking is similar to humans’ thought, so it is easy to understand. Using FIS to find an angle to escape from obstacles is more effective than crisp. 
The expression from angle by wheels to hexor legs are creative thinking although it is including some error and out of road walking. Hexor has many input sensors. As IR sensor and bump sensor provides data about the area not to be detected sonar, hexor has Back and forward walk. Hexor need to more development using by other input sensors.

Future Work 
· Integrating FIS to Hexor robot.

· Necessity back walking 

· Using IR sensor and pump sensor in programming.

· Considering of using in legs not wheels.

· Modifying parameters of membership function and linguistic variables considered size of Hexor.
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Figure 10: Hexor’s output angle
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Figure 8: Hexor’s output angle
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Figure 12: Example of making angle by legs
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Figure 13: the area of bump sensor and IR sensor
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Figure 14: using of back walking and forward by IR & bump sensor.
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Figure 16: state machine of walking
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