Introduction
For human beings everyday we take vague, inexact, or “fuzzy” information and with the three pounds of flesh in our head manage to process the ambiguous information to arrive at an optimum decision to control the system we’re involve with. For example when anyone of us drive down a highway a majority will try to stay in a close range of the speed limit of 65 mph constantly to get to the intended destination, maybe it’s the safest for driving as fast as possible without getting a speeding violation while achieving great gas mileage and minimize driving time. To stay constantly at a targeted speed setting on the highway we somehow manage to take imprecise inputs like road traffic congestion (number of vehicles in front, how fast are they moving, police cruisers present, etc) and road condition (is it steep, downhill, curvy, straight, etc) then evaluate them in our heads to apply the proper amount of the accelerator pedal to control our vehicles at the intended speed. To make things easier and convenience for us most cars are equipped with a cruise control system that will constantly attempt to control the vehicle at a targeted set speed above 30 mph assuming the traffic condition allows it. Conventionally cruise control systems are implemented using PID controllers which take several pertinent inputs (throttle position sensor, vehicle speed sensor, etc) and process them to get the proper throttle position to sustain the driver’s targeted speed setting. Once the driver set the speed (above 30 mph) the cruise control system will try to maintain that speed over various road conditions either by controlling the throttle valve to open wider (more air for acceleration) or close the throttle valve to reduce air volume for deceleration. Since the cruise control system has control of a vehicle’s speed only by the throttle valve, on a descension from steep hill gravity will cause the car’s actual speed faster than the targeted speed since it has no control of the braking system. 
For my project I will show the various steps involve implementing an automotive cruise control system enhanced by fuzzy logic but compare to conventional cruise control system it will be able to apply the braking system on descension from steep roads should it needs to, thus this will act against gravity’s force to exceed the set speed from the driver on a hilly descension. Before I begin the followings are some significant of Fuzzy Logic. 
Fuzzy Logic History
Fuzzy Logic was founded by Dr Lotfi Zadeh, a professor/Chairman of the Electrical Engineering department of the University of California at Berkley in 1965. He conceived this new methodology on the notion that it covers the area of the “excluded middle” and tries to account for the "grays", the partially true and partially false situations which make up the substantial percentage of human reasoning in everyday life. In other words Fuzzy Logic will provide a precise approach to a conclusion upon taking vague, indefinite, or ambiguous data. Although there were various philosophers and mathematicians including Jan Lukasiewicz and Bertrand Russell contemplated on the logic of “the excluded-middle” sidestepping from Aristotelian or binary logic but it was Dr Zadeh who first developed the general theory and laid the foundation of Fuzzy Logic in his paper “Fuzzy Sets” at a lecture in 1965 and has made what Fuzzy Logic is today. Since the publication of his paper “Fuzzy Sets” the first fuzzy computer chip was developed in 1985 and since then many home appliances and public transportation were developed utilizing fuzzy logic particularly from Japan and Korea. One of the advantages from Fuzzy Logic is its ability to control nonlinear mathematical models which is one of the innate characteristics of human beings thus made the control and performance of the cement kiln of F. L. Smidt & Company in Copenhagen and the subway system in Sendai of Japan better than its human counterpart in efficiencies, resource consumption, and smoothness. As of current it seems Fuzzy Logic has not grown worldwide since its peak in the early to mid 1990’s but definitely not in the United States or it may look that way since utilization of Fuzzy Logic applications in automotive power-train are not disclosed by any of the Big Three auto makers compared to the Asia or Europe they enthusiastically disclosed of Fuzzy Logic utilizations in their consumer products like washing machines, refrigerators, automotive anti-locking braking systems, and others. From proponents of Fuzzy Logic they have demonstrated that Fuzzy Logic lets you put more control in control, it’s easier, faster, and less expensive to implement and also require less hardware and smaller packages than non-fuzzy logic.
Fuzzy Logic Enhanced Cruise Control System

Initializing the Process of FLECCS

Here I’m designing a cruise control system with actuation of the throttle system and the braking system. A positive signal output asks for 0-100 percent acceleration while a negative signal output calls for 0 -100 percent braking. Control is achieved through proper control and balance of these two active systems. 
Fig. 1- A block diagram of the control system
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Next is to establish a meaningful system for representing a matrix with linguistic variables. In my model I will use:

“B” = “Brake” output response,
“A” = “Accelerate” output response,
“N” = “Negative” error or error-dot input level,
“Z” = “Zero” error or error-dot input level

“P” = “Positive” error or error-dot input level, and
“NC“= “No Change” to current output

as the minimum number of input product combinations and corresponding output response conclusions. A three-by-three matrix is used with braking and accelerating output responses with 9 rules are defined and the conclusions to the rules with the linguistic variables associated with the output response for each rule are transferred to the matrix.  
Below are the definitions for the inputs and output related to the controlled environment.

INPUT#1: (“Error”, positive (P), zero (Z), negative (N))

INPUT#2: (“Error-dot”, positive (P), zero (Z), negative (N))

CONCLUSION: (“Output”, Accelerate (A), No Change (NC), Brake (B))

INPUT#1 System Status

Error = Command-Feedback

P = Too slow, Z = Just right, N = Too fast
INPUT#2 System Status

Error-rate = d(Error)/dt
[image: image2.wmf]
P = Moving faster, Z = Not changing, N = Moving slower

OUTPUT Conclusion and System Response

Output: A = Call for accelerating, NC = Don’t change anything, B = Call for Braking

Next is the system operating rules which contained linguistic rules describing the control system consisting of two parts; an antecedent block and a consequent block.

Fig2-Rule Matrix and Rule Structure: this diagram shows a 3 x 3 matrix with variables N, Z, and P as row and column parameters with combination of A, B, and NC as elements and 9 statements with antecedent blocks and consequent blocks.
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TF Cmd-Speed =2 AND d(Cmd-Speed)fds = N THEN Output
TF Cmd-Speed =P AND d(Cmd-Speed)fds = N THEN Output = &
Z THEN Output =B
THEN Output = NC

P THEN Output =B
THEN Output =B
TF Cmd-Speed =P AND d(Cmd-Speed)fds = P THEN Output = &




With the nine rules and it conclusions transferred to the matrix there’s a nice symmetry to the matrix. For Fuzzy Logic utilization, this suggests this controlled environment is reasonably well-behaved system but no guarantee it does. 

Next is applying the rules and thus a membership function is called for. A membership function is just a graphical representation of the magnitude of participation of each input. It associates a weighting with each of the inputs that are processed, define functional overlap between inputs, and ultimately determines output responses. The rules use the input membership values as weighing factors to determine their influence on the fuzzy output sets of the final output conclusion. Once the functions are inferred, scaled, and combined, they are defuzzified into a crisp output with drive the system.

Fig3- A Typical Membership Function.
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Fig4- Error and Error-Dot Membership Functions in this Demonstration
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.
Fig5 – Graphs of Error and Error-dot membership functions showing the significant markings.
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The degree of membership is then determined by plugging the selected input parameter (error or error-dot) into the horizontal axis projecting vertically to the upper boundary of the membership functions.

In this example the degree of membership for an “error” of -3.5 is selected which projects up the middle of the overlapping part of the “negative” and “zero” function so the result is “negative” membership = 0.5 and “zero” membership = 0.5. Thus in this case only rules associated with “negative” and “zero” error applied to the output response and the left and middle columns of the matrix are selected.
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For the “error-dot” +5 is selected and correspond to a “zero” and “positive” membership of 0.5, thus results to the middle and bottom rows of the matrix. Then by overlapping the two regions of the rule matrix, it can be seen that only the rules in a 2 x 2 square in the lower left corner of the rules matrix generates non-zero output conclusions.

INPUT DEGREE OF MEMBERSHIP

With input of “error” = -3.5 gives “negative” = 0.5 and “zero” = 0.5 and input “error-dot” = (+) 5 gives “zero” = 0.5 and “positive” = 0.5. With these weights “error” selects rules 1, 2, 4, 5, 7 and 8 (corresponding to columns N and Z) while “error-dot or error rate” selects rules 4 through 9 (corresponding to rows Z and P). These selected rules are then combined to a logical product (AND) which the minimum of the two is selected (see below). From all the rules selected, only four rules (inner 2 x 2 matrix) give non-zero results and resulted to fuzzy output response magnitudes for only “Braking” and “No Change” which then must be inferred, combined, and defuzzified to obtain crisp output. From the statements below only 4, 5, 7, and 8 are of significant.
1. If (e = 0) AND (er < 0) then Accelerate 0.5 & 0.0 = 0.0 

2. If (e > 0) AND (er < 0) then Accelerate 0.0 & 0.0 = 0.0 

3. If (e > 0) AND (er = 0) then Accelerate 0.0 & 0.5 = 0.0 

4. If (e > 0) AND (er > 0) then Accelerate 0.0 & 0.5 = 0.0

5. If (e < 0) AND (er < 0) then Brake 0.5 & 0.0 = 0.0 

6. If (e < 0) AND (er > 0) then Brake 0.5 & 0.5 = 0.5 

7. If (e = 0) AND (er > 0) then Brake 0.5 & 0.5 = 0.5 

8. If (e < 0) AND (er = 0) then Brake 0.5 & 0.5 = 0.5 

9. If (e = 0) AND (er = 0) then No Change 0.5 & 0.5 = 0.5 

INFERENCING and DEFUZZIFICATION
Next we need to combined or inferred for each of the logical product using a method of Root-Sum-Square (other methods available) since in this case there are only a few member functions associated with the inputs and outputs. Thus the respective output membership function strengths from the possible rules are:
"positive" = (R1^2 + R2^2 + R3^2 + R4^2) (Accelerating) = (0.00^2 + 0.00^2 + 0.00^2 + 0.00^2)^.5 = 0.000 

“negative” = (R5^2 + R6^2 + R7^2 + R8^2) (Braking) = (0.00^2 + 0.50^2 + 0.50^2 + 0.50^2)^.5 = 0.866 

"zero" = (R9^2)^.5 = (0.50^2)^.5 (No Change) = 0.500 

With the results from the interference process combined and computing the "fuzzy centroid" area the data is defuzzified into a crisp output. The weighted strengths of each output member function are multiplied by their respective output membership function center points and summed. Finally, this area is divided by the sum of the weighted member function strengths and the result is taken as the crisp output. One feature to note is that since the zero’s center is at zero, any zero strength will automatically compute to zero. If the center of the zero function happened to be offset from zero (which is likely in a real system where accelerating and braking effects are not perfectly equal), then this factor would have an influence.

(neg_center * neg_strength + zero_center * zero_strength + pos_center * pos_strength) = OUTPUT 

(neg_strength + zero_strength + pos_strength) 

  

(-100 * 0.866 + 0 * 0.500 + 100 * 0.000) = -63.4% 

(0.866 + 0.500 + 0.000) 

Fig6 – Output membership function
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From the graph the horizontal coordinate of the centroid of the area marked is taken as the normalized, crisp output. The value of -63.4% seems logical since the particular input conditions (Error = - 3.5, Error-dot = +5) indicates that the feedback has exceeded the command and is still increasing therefore braking is the expected and required system response.

Conclusion

In closing the example just demonstrated is one approach on Fuzzy Logic control. Although the example demonstrated here is simplified, tuning or tweaking can be done by changing the antecedents or conclusion rules, changing the centers of the input and/or output membership functions, or adding additional degrees to the input and/or output functions such as “low”, “medium”, and “high” levels to parameters of “error”, “error-rate”, and output response. In addition the membership functions were triangular and are commonly used, but bell, trapezoidal, exponential, and haversine have been used. Depending on the complexity of the control system more complex functions are possible but require greater computing overhead to implement. Also rule matrix needs not to be symmetrical and can have odd number of rows or columns. The objective of the rule matrix construct is to map out the universe of possible inputs while keeping the system sufficiently under control.
From what I have come across during my research for Fuzzy Logic, it seems Fuzzy Logic can be a significant new methodology to give artificial intelligence more humanlike qualities since it can process vague information like humans can. Despite reading articles on real world applications utilizing Fuzzy Logic like the subway system of Japan, a Japanese stock broker using 800 inputs and numerous home and automotive appliances, it seems currently Fuzzy Logic has subsided significantly if not becoming obsolete. All of the articles or references date back in the early 1990 to mid 1990’s. According to proponents of Fuzzy Logic it has many advantages compare to non-fuzzy logic like controlling nonlinear systems, robust since it can process imprecise inputs, and it uses less resource to implement with less complexity.
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