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Abstract

An increasing number of systems are using fuzzy logic to offer reliable and efficient control for a variety
of uses. The method's many-valued logic foundation allows control rules and processes to be derived from
both expert knowledge and general concepts. The concepts of fuzzy logic control are explained in this
article, which uses simulations of linear and nonlinear control examples to illustrate the points.
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I. Introduction

We'll employ fuzzy logic controllers to solve the issues mentioned in the preceding paragraphs.
Fuzzy logic was first used in many branches of science and engineering in 1973 [10], when Lotfi A. Zadeh
introduced a novel method for the analysis of complex systems and decision flows. But when engineers
used fuzzy logic to solve industrial problems, it really became more popular [5]. This popularity can be
ascribed to fuzzy logic's potent ability to give engineers a means of integrating human thinking into the
control algorithm. Unlike traditional control theory, fuzzy logic design does not only rely on an
approximate mathematical model of the plant, but this model can be useful for fine-tuning.

There are a lot of methods relevant to control of automatic doors, for instance; PIR sensors,
Microcontroller, PID controller. However, the method used is fuzzy Logic, which is considerably a new
method to the control of automatic doors, including input-output variables, rule bases, fuzzification,
and defuzzification.

Automatic doors exemplify the challenges of designing emotionally welcoming interactive
systems—a critical issue any system of incidental use [6]. Below, there are all of these descriptions and
principles about this subject.

Il. PRINCIPLE

In classical systems, the system is checked with electronic sensor by walking toward the door at a
moderate speed. When about 5° (1524mm) from the opening, it should smoothly start sliding open and
then stop without impact. Repeat on the other side of the opening. Move slowly through the door at 6”
(152mm) per sec. The door should remain open. (See Figure 1) [1].
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Figure 1: Automatic Door
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I11. Controller Fuzzy Logic Design

One of the more recent control systems to gain popularity is the fuzzy logic controller. The fuzzy logic
controller's basic principle is to use the If A Then B format to construct the rules that operate the
controller in a heuristic fashion. Generally speaking, the components listed below [4] are used to build
a fuzzy logic controller, as seen in Figure 2:

* A rule base, consisting of a series of If-Then rules, that quantifies the expert's verbal explanation of
how to attain effective management using fuzzy logic.

* An inference mechanism, sometimes referred to as a "fuzzy inference" module or "inference
engine"), This simulates the expert's judgment in evaluating and putting information regarding the most
effective plant control to use.

A fuzzification interface that translates controller input into data that can be readily utilized by the
inference system to activate and apply rules.

A defuzzification interface that transforms the inference mechanism's conclusions into useful inputs
for the procedure.

Figure 2: Fuzzy Controller Structure

The creation of the input and output of the membership functions is one of the primary components

of the fuzzy logic design process [8]. The membership functions for the input and output are selected using
the fundamental triangle and trapezoidal shapes. Most of the time, Control rule characteristics are what
primarily affect fuzzy control performance, with membership shapes having a negligible effect [2]. In the
process design of fuzzy logic Controller, fuzzy rules are defined for three input variables, and two output
variable. Figure 3 shows this output and input variable (input= WS, DD, BMI output = DOS, DOL).

A

Control |
System %
(Mamdani) ‘

WS, DD, BMI DOS. DOL

Figure 3

INPUT AND OUTPUT VARIABLES

1. Input Variables:
WS: Person®s Walking Speed [0—50 m/min].
WS=VS (Very Slow) — S (Slow) — M (Medium) — F (Fast) — VF (Very Fast)

DD: Distance to Door of person [0—6 m]
DD=VC (Very Close) — C (Close) — M (Medium) — A (Away) — To Away (TA)

BMI: Body Mass Index [18.5— 40 kg/m?]
BMI=UW (Under Weight) — NW (Normal Weight) — OW (Over Weight) — 10 (Indicates Obesity) — IO
(Intermediate Obesity) — MO (Morbid Obesity)
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2. Output Variables:
DOS: The Door Opening Speed [0—500 rpm].
DOS= VS (Very Slow) — S (Slow) — M (Medium) — F (Fast) — VF (Very Fast)

DOL: The Door Opening Length [0—4m]
DOL=NL (Normal Length) — ML (Medium Length) — MAL (Medium—Average Length) — AL (Average

Length) — FL (Full Length)
4 B. MEMBERSHIP FUNCTIONS:

1) For WS:
0=, 0 < x<10

VS: ur(x) ={ 10 1
0, x=2100rx <0 (1)

X, 0=x<10

10
Sip(x) ={22"* 10<x <20 (2

10

0,x=2200rx <0

=10, 0<x<10
10

M:; u(x) = { 30,20 < x < 30 (3)
0,x 2300rx <10

%&,25Sx$35

1
Fou(x)={** 35 < x<45 )
10
0,x <250rx =45
0,x <40
VE; pyr(x) = {ﬂAO < x <50 ®)
10
2) For DD

1—y0<5y<1

O,y=l1lory<o0 (6)

VC; upe(W) =1
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a2 .szsiz ” 2,50 <a < 150
JY) ALY e KBS 7 : _ Gaess
0, y=2 S:; ﬂ(a) = {—25010‘; ,150 < a < 250 (18)
y—lS,lSSySZS 0,a22500ra$50
M: u(y) = {3-3 —~y, ZéSSS y $<3-155 (8) =2 ,200 < a < 300
, y=350ry< 1.
M: u(a) = {22 19
y—25,25<y<35 - /300 <a <400 (42
Au(y) = {45-y,35<y <45 (9) 0@ =100 a7 200
0, y=2450ry <25 F;
a—350
TA; ur(y)={ © » ¥=5 (10) o A90 =@ A0
y—5,4<y<6 y(a)={@"iT,45osa_<_550 (20)
0,a = 5500ra< 350
3) For BMI VF;
18.5—=2 0,0<ac=<400
UW:pow(z)={ 18s YOSz 185 (11) uvr(a) = {‘%.400 < a < 500 (21)
0, z=21850rz<0
é ,0<z<185
R 3) For DOL
N\v= niz) = 249—z 12
pilz) = {2 185<2<249 (12) S —
= - -
0,z=>2490rz<0 NL; un(b) {O,bzlorb<0 (22)
s~185 185 <z < 249
185 % , 0<b<1
OW: po(z) ={ 22222 ;6 -, <299 (13) ML: ume(b) ={2— , 1<b<2 (23)
185 0, b=2
= A < 5
0,z=22990rz < 185 MAL:
=95 K2 < 299 b—05, 0.5<b<15
IO 1(2) = 34.9—=2 14 HasaL (b) — { 2.5 — i -5 < b < 2.5 (24)
AHENS PN RSe) 45 0, b=250r b<05
0,z=349 <25
Z or z AL,
=2 ,30<2<349 % b—1,1<b<2
par(b) ={3—-b, 2<b <3 25
10: mi(2) = P*Z__ 35 <z <399 (15) (22)

30

0,z=23990rz < 30

0,b=230rb<1

,Z <40

[JFMR22019432

Volume 4, Issue 1, January-February 2022



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
FL:
b-2, 2
<=b<3
MO:; uuo(z) = {20, - 49 (16) ur(b)={4—-b,3<b<4 (26)
10 0,b=40rb<2

4) For DOS

100-a ,usa<s 1uv

VS; puv(a) = {1000 , a = 100 (17)

The decision of fuzzy logic and its high impact process has multiple sources and controlled. the record. A
set of rules contains these. The rules are essentially simple if-then statements that are clear and simple to
comprehend because they are Nothing more than Standard English phrases. Common sense, data from
everyday use, and controlled experimentation are the sources of the rules used in this paper.

Here, the rule sets that are used to determine the output are:

Table | ULE TABLE

Rule 1: If
WS is VS

And DD
is TA

And BMI
is UW

Then DOS
is VS

Then DOL
is NL

Rule 2: If

WS is VS

And DD
is A

And BMI
is NW

Then DOS
is VS

Then DOL
is NL

Rule 3: If
WS is VS

And DD
isM

And BMI
is OW

Then DOS
is S

Then DOL
is ML

Rule 4: If
WS is VS

And DD
isC

And BMI
is 10

Then DOS
is S

Then DOL
is MAL

Rule 5: If
WS is VS

And DD
isVC

And BMI
is 10

Then DOS
isM

Then DOL
is AL

Rule 6: If
WS is VS

And DD
is TA

And BMI
is MO

Then DOS
is S

Then DOL
is FL

Rule 7: If
WS is S

And DD
is TA

And BMI
is UW

Then DOS
is VS

Then DOL
is NL

Rule 8: If
WS is S

And DD
is A

And BMI
is NW

Then DOS
isS

Then DOL
is ML

Rule 9: If
WS is S

And DD
isM

And BMI
is OW

Then DOS
isS

Then DOL
is ML

Rule 10; If
WS is S

And DD
isC

And BMI
is 10

Then DOS
isM

Then DOL
is MAL

Rule 11: If
WS is S

And DD
is VC

And BMI
is 10

Then DOS
isF

Then DOL
is AL

Rule 12: If
WSis S

And DD
is A

And BMI
is MO

Then DOS
isS

Then DOL
is FL

Rule 13: If

WS is M

And DD

is TA

And BMI

is UW

Then DOS

Then DOL

is S

is NL
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Rule 14: If |And DD |And BMI [Then DOSThen DOL
WSisM |isA iISNW |isS is ML
Rule 15: If |And DD |And BMI [Then DOSThen DOL
WSisM |isM iISOW |isM is MAL
Rule 16: If |And DD |And BMI [Then DOSThen DOL
WSisM |isC is 10 isF is AL
Rule 17: If |And DD |And BMI [Then DOSThen DOL
WSisM |isVC [islO isF is AL
Rule 18: If |And DD |And BMI [Then DOSThen DOL
WSisM |isM is MO isVS is FL
Rule 19: IfjAnd DDAnd BMIThen DOSThen DOL
WSisF JisTA JisUW |isS is NL
Rule 20: If |And DD |And BMI [Then DOS[Then DOL
WSisF |isA iSNW [isM is ML
Rule 21: If |And DD |And BMI [Then DOSThen DOL
WS is F isM iISOW |isF is MAL
Rule 22: 1fjAnd DDAnd BMIThen DOSThen DOL
WSisF |isC is 10 isF is AL
Rule 23: If |And DD |And BMI [Then DOS[Then DOL
WSisF |isVC [islO is VF is FL
Rule 24: If |And DD |And BMI [Then DOSThen DOL
WSisF |isC isMO  |isVS is FL
Rule 25: IfjAnd DDAnd BMIThen DOSThen DOL
WSisVF |isTA [isUW [isM is ML
Rule 26: If |And DD |And BMI [Then DOS[Then DOL
WS is VF |isA iISNW |isF is MAL
Rule 27: If |And DD |And BMI [Then DOSThen DOL
WS is VF |isM iISOW |isF is AL
Rule 28: If |And DD |And BMI [Then DOSThen DOL
WS is VF |isC is 10 is VF is AL
Rule 29: IfjAnd DDAnd BMIThen DOSThen DOL
WSis VF |isVC [is10 is VF is FL
Rule 30: If |And DD |And BMI [Then DOSThen DOL
WSis VF |isVC |is MO is VF is FL

WS- Walking Speed
VS—Very

Slow, S-Slow,

DD- Distance to Door of person
C—Close, VC—Very Close, M—Medium, A—Away, TA-To Away

BMI- Body Mass Index

UW-Under Weight, NW— Normal Weight, OW— Over Weight, IO— Indicates Obesity, IO—Intermediate

Obesity, MO— Morbid Obesity.
DOS: The Door Opening Speed
VS- Very Slow, S— Slow, M— Medium, F— Fast, VF— Very Fast

M—-Medium, F—Fast, VF—Very Fast

[JFMR22019432

Volume 4, Issue 1, January-February 2022



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

DOL.: The Door Opening Length
NL- Normal Length, ML—Medium Length, MAL— Medium-Average Length, AL— Average Length, FL—
Full Length

l. CALCULATIONS
The following are the calculations of rule table. Totally there are 30 rules, for each rules we have 5 different
results, totally there are 150 results in which I have highlighted 30 results with calculation.

x=8.3m, y=5.6m, z=15.75 kg/m?2, a=55rpm,

b=0.8m

10-83 1.7

j7s | B o e X Bl A o UL
¥s 10 10

ur(0.6) = 5.6 — 5= 0.6

18.5 - 15.75 _ 2.75

122 t1LI./790) — - V.170
r

e 18.5 18.5
100 — 55 45

o APy 1
#r(55) 100 100

un(0.8) =1—0.8 =02

v.17/

x=15.2m, y=3.9m, z=20.9 kg/m?2, a=240rpm,

b=1.5m
20-152 48
U(15.2) = ———=—- =048
oo-5580ps
un(209) = —— g = g5 T 0216

250 —225 25
100 100

1(240) = = 0.25

I-‘ML(l-S) =2 - 1.5=O.5

x=25.75m, y=2.35m, z=26.85 kg/m?2, a=310rpm,
b=2.2m

30 —25.75 _ 425

u(25.75) = T T

= 0.425

u(2.35) = 2.35 — 1.5 = 0.85
29.9 —26.85 305
Pow = oo _ 185 = 0.165

400 —315 85
100 100

ux(310) = = 0.85

Hpar(2) = 2.2 —1.5=0.70
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=3m, v=ldm, z=313 kg/m?2, a=400rpm,
b=2.8m
45 — 39 6

_ - __ =06
1e(39) 10 10

u(14)=2—1.4=06
349 -313 36

w(31.3) = =_——=0.144

25

(400) = 400 —350 _ 50 05
s - 7 100 100

uar(25)=3-28=10.2

x=46.35m, y=0.6m, z=36.1 kg/m?2, a=480rpm,

b=4m

46.35 — 40 _ 6.35
10 10

urr (46.35) = = 0.635

vel06)=1—0.6 =04
ke (0.6) 399—-361 3.8

w(361) = —5—— =55~ 0.126

480 — 400 _ 80
uvr(480) = — 55 100

pur(4) =4—-4=0

= 0.8

I CONCLUSION

An application of fuzzy lIgorithms in the design of the fuzzy sets for the fuzzy logic controller of the
Automatic door has been investigated. This situation analysis ability has been incorporated in the door
Which makes the door much more automatic and This process of designing and implementation
controlled. Arrangement. Though process of the design is automatic. Despite its extreme simplicity, this
demonstrates the benefits of integrating a fuzzy logic controller with a traditional automatic door.
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