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Abstract

This paper concerns a VHDL design and simulation of an accurate and cost-effective fuzzy logic
controller (FLC). The accuracy of the proposed FLC is obtained by using the center of gravity
(COG) defuzzifier that considers both membership values and spans of membership functions in
calculating a crisp value. The cost-effectiveness of the proposed FLC is obtained by restructuring
the conventional FLC in the following ways: Firstly, the MAX-MIN inference is replaced by a
read~-modify-write operation that can be implemented economically in the structure of register files.
Secondly, the division in the COG defuzzifier is avoided by finding the moment equilibrium point.
The proposed COG defuzzifier has two disadvantages that it requires additional multipliers and it
takes a lot of computation time to find the moment equilibrium point. The first disadvantage is
overcome by replacing the multipliers with stochastic AND operations and the second disadvantage
is alleviated by using a coarse-to-fine searching algorithm. The proposed FLC is described in
VHDL structurally and behaviorally and whether it is working well or not is checked on
SYNOPSYS VHDL simulator by using the truck backer-upper control problem.
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Fig. 10. A circuit diagram for executing the f-ine
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Fig. 11. A model truck and loading dock.
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ENTITY  Trace IS
END  Trace

ARCHITECTURE Behaviour OF Trace IS
COMPONENT FLC

PORT( CLK,CLR IN Std_Logic;
PLX : IN TData;
THETA: OUT TData;
Valid @ OUT  Std_Logic);

END COMPONENT;

COMPONENT CAR
PORT( CLK,ENABLE, Init :IN Std_Logic;
InitPLInitX,InitY, THETAIN Std_Logic_Vector;
PIXY : OUT Std_Logic_Vector);
END COMPONENT:,

FOR All : FLC USE ENTITY WORK.FLC(Structure);
FOR All : CAR USE ENTITY WORK.CAR(Behaviour);
SIGNAL
CLK,CLK2 START_FLCEND_FLC:Std_Logic:
SIGNAL  THETAPLX: TData;
SIGNAL Init, ENABLE END_Tracing:Std_Logic,
SIGNAL  Init_PLInit_XInit_Y: TData;
SIGNAL  CAR_PILCAR XY TData;
Begin
CLK_GEN : PROCESS
BEGIN
CLK <= '0;
WAIT FOR 10 NS;
CLK <= '1%
WAIT FOR 10 NS:
END PROCESS;

PATH_MONITORING
FILE DataFile
VARIABLE L
VARIABLE state : Natural = 0;
VARIABLE String : Bit_Vector(7 downto 0);
VARIABLE INT: Integer;

BEGIN
WAIT UNTIL CLK'EVENT AND CLK = '1";
CASE State Of

: PROCESS
: TEXT IS OUT "trace.dat”;
© TEXT:

WHEN 0 =>
Init_PI = "11101111";
Init_X = "10101111";
Init_Y = "0L111111";
Init ='1%
START_FLC <= '0';
ENABLE =0,
END_Tracing <= 0,
WHEN 1 =>
ENABLE <='1"
WHEN 3 =>
ENABLE <=0,
Init <=0
State =7
WHEN 5 =>
ENABLE <=1
WHEN 7 =>
ENABLE <= 0%
WHEN 8 =>
START _FLC <= '1%;
WHEN 9 =>

Ew .

START_FLC <= '0’;
WHEN 10 =>
PI <= CAR_PL;
X <= CAR_X;
WHEN 11 =>
IF (END_FLC = '1’) Then
Write(l NOW Left,20);
INt := StdTOI(CAR_PD);
Write(l,intleft, 10);
int ;= StdTol(CAR_X);
Write(l,int,left,10);
int = StdTol(Y);
Write(l,int,left,10);
WriteLine(DataFile,1);
IF (("01111000" < CAR_X)
And (CAR_X < "10000111")
and ("01111000" < CAR_PD
and (CAR_PI < "10000111"))Then

State = 12;
END IF;

END IF;
WHEN 12 =>

State =4
WHEN 13 =>

END_Tracing <= 'l’;
WHEN 14 =>

ASSERT(END_Tracing = '0")
REPORT " END of tracing!”
SEVERITY FAILURE;
WHEN OTHERS=>
END CASE;
State = State + 1,
END PROCESS;
FLC_1 : FLC PORT MAP (CLK, START_FLC, PIX,
THETA, END_FLC);
CAR Port MAP(CLK,ENABLE,INIT,Init_PI,
Init_X,Init_Y,THETA,CAR_PL,CAR_X)Y);

CAR_1
END Behaviour;

2| 14. FLC Al &de]Ad-& $3 VHDL Z=
Fig. 14. A VHDL code for FLC simulation.
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