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This paper reports the design and implementation of genetically optimized fuzzy logic controller
(GAFLC) for split air-conditioner based on the principle of Fanger’s Predicted Mean Vote (PMV)

index. The proposed control strategy is aimed at improving the indoor thermal environment

(ITE) at houses, offices, libraries, hotels, etc. because it plays a vital role in determining the

health, physical and mental productivity of the oecupants. The GAFLC has been implemented in
MATLAB Simulink for computer simulation and also on hardware platform using the commer-

cially available 8-bit ATmega-328 microcontroller through embedded C-coding for real practice.

One part of the designed control algorithm examines the values of activity level, clothing insu-

lation, air velocity, and relative humidity and decides the comfort temperature value to be set

such that the PMV and PPD indices get satisfied. The other part generates a control signal to the
air-conditioner compressor to maintain that temperature. From the simulation results it is seen

that the generated comfort temperature values are in the range of 24.4°- 26.55°C for various
combinations of environmental and personal parameters, which are well above the general tem-
perature set value of 20°C. This indicates the scope for reducing energy consumption to a greater

extent. Also the PMV index lies in the range of —0.23 to + 0.36 with untuned fuzzy inference

system (FIS), and in the range of —0.32 to 4 0.14 with genetic algorithm (GA)-tuned FIS, which

are acceptable comfort levels that human physiology can endure with more satisfaction. The
experimental results show that GAFLC has generated a comfort temperature value for specified ~
input parameters and also maintained the room temperature at that value to keep the thermal ¢
ambience more satisfactorily.

Keywords: Fuzsy logic control; genetic algorithm; split air-conditioning system; Fanger's PMV
index; MATLAB Simulink,
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1. Introduction

Human beings have always attempted to create a
thermally comfortable environment. This is mani-
fested in building traditions and architectures,
season-wise clothing, and the use of different heating
and cooling systems around the world — from
ancient times to the present day.

In modern era, people are spending much time in
buildings. So the indoor thermal environment (ITE)
has to be maintained at a standard level as it plays
a significant role in determining the life quality
of occupants.! The American Society of Heating,
Refrigerating and Air-Conditioning Engineers
(ASHRAE) has published the standards and
guidelines for that. Aceording to ASHRAE, thermal
comfort is a subjective assessment by a person
expressing his/her satisfaction with his/her ITE.*
The concept of thermal comfort and its study star-
ted in the early decades of the twentieth century.
The research in this area continues and many of the
researchers formulated thermal comfort indices in
different forms based on empirical and analytical
methods. The most recognized and best understood
one is the Predicted Mean Vote (PMV) index. The
index was developed by Povl Ole Fanger, Physiolo-
gist at the Technical University of Denmark, in early
1970 by conducting several climate chamber experi-
ments, and he deduced the equations which eorrelate
the variables. According to Fanger, human comfort is
based on four environmental parameters, viz. air
temperature, mean radiant temperature (MRT), air
velocity, and air humidity, and two personal factors,
such as activity level and clothing resistance.” The
PMYV correlation in mathematical form developed by
Fanger is difficult to implement in practical use. Thus
providing thermal comfort for ocoupants in buildings
using conventional controllers is really a challenging
task. But fuzzy logic comes into play where a rule-
base is created from the common sense and expert
knowledge database to obtain comfort environment.

Even though thermal comfort is influenced by
many variables, but till now split air-conditioning
systems in buildings are based on a single tempera-
ture control loop.® Thus such system cannot afford
good indoor environmental quality.

2. Related Works

Hasan et al. studied the impact of different types of
environmental and personal parameters included in
the PMV index on thermal comfort. They generated

1950036-2

the two-dimensional (2D) and three-dimensional
(3D) comfort zone plots for different combinations
of parameters. From simulated results they found
that the personal parameters such as clothing
and metabolic rate have the highest impact. They
measured the metabolic rate of an occupant during
different activities using a Fitbit wearable device
and concluded that control accuracy can be
enhanced with wearable sensors.’

Pragnya and Papachary applied a feed-forward
feedback control and a digital self-tuning control to
maintain satisfactory thermal comfort based on the
PMV index with more than 30% energy savings
compared to the conventional temperature setting,
To determine thermal comfort temperatures, an
adaptive neuro-fuzzy inference system and a particle
swarm algorithm were applied.®

Dounis et al. deduced a simulator model accom-
plished with the room model, the window model,
outdoor climate model, the indoor relative humidity
model (RHM), and the PMV model. They designed
a fuzzy reasoning expert system, where the concepts
of thermal and visual comfort were used as fuzzy
control variables that were applied in the building
for the achievement of thermal and visual comfort.
The simulated results show that the fuzzy system
maintained the PMV index in the —0.2-0.2 range.”

Hamidi et al. have developed a fuzzy control
model based on human sensation. The results were
in good agreement with Fanger's PMV index.®

An attempt was made by Gouda et al. to design a
fuzzy logic controller (FLC) for HVAC system that
could achieve a thermal comfort based on Fanger's
PMYV and Predicted Percentage Dissatisfied (PPD)
indices. The simulated results with design con-
straints as zero PMV and 5% PPD show betterment
in the thermal comfort action with 20% reduction in
energy compared to conventional controllers.”

Ku et al carried out an experiment for thermal
comfort based on Predicted Mean Vote and energy
saving using four control methods. They concluded
that inverse PMV model with FF-fuzzy had less stan-
dard deviation of PMV (0.11), less value of Max PMV
(0.5), the percentage of PMV period within neutral
reading being 100%, and the energy saving of 37.3%.17

3. Designing of Fuzzy Logic Controller

Now a days fuzzy logic is replacing the conventional
methods and becoming a formal methodology.
Fuzzy logic assists to represent, mg ;
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implement human heuristic knowledge in decision-
making and also in control system.'!'"'* The idea of
modeling the human thought process in terms of
linguistic values rather than numbers brought the
fuzziness into the system theory and development of
a new class of systems called ‘Fuzzy Systems’.'?:'5
The basic concept behind FLC is to employ the
expert knowledge and experience of a human oper-
ator for designing a controller. This expertise can be
used for identification of linguistic variables, for-
mulation of fuzzy control rules, and selection of
fuzzy appropriate reasoning methods.'® The fuzzy
logic control is an algorithm for process control as a
fuzzy relation between the information on the con-
dition of the process to be controlled and the control
action.!” The processing structure of fuzzy logic
control scheme is framed in terms of fuzzification,
inference, and defuzzification modules.

3.1. Fuzzy inference systems

In this work two fuzzy inference systems (FISs) have
been designed; the FIS-I will generate the comfort
temperature value to be set and FIS-II generates a
control action signal that will maintain room tem-
perature to that value. The designed MISO FIS-I
shown in Fig. 1 has four input fuzzy variables: ac-
tivity, clothing, air velocity, and humidity; and one
output fuzzy variable: temperature. The Universe
of Discourse (UoD) for variables pertaining to sub-
sets of each wvariable is depicted as shown in
Tables 1-5. For example, the fuzzy set typical has
been assigned a mean value of 0.5 clo by considering
that the person can wear the clothing items such as
Brief = 0.04 clo, Underwear sleeveless shirt = 0.06
clo, Light shirt with long sleeves = 0.2 clo, and Light
trousers = 0.2 clo.

Genetic Furzy Controller for Split Air-Conditioner Control

3.2. GA optimization

The GA optimization of FISs is carried out by de-
veloping various functions in MATLAB M-files to
create initial population of MFs for each variable,
then to generate, evaluate, and find the fittest
FIS. The functional flow of genetic tuning of MFs of
FISs is shown in Fig. 2. The ranges of MFs of each
variable are encoded as real numbers in the chro-
mosomes. Table 6 shows the appearance of chro-
mosomes in the population. Figure 3 shows the MFs

Table 1. Fuzsy sets for the input variable activity (met).
Intervals
MF No. Fuzay sets  Fuzzy only GA-tuned
1 reading [111.1] [111.05]
2 typing 11112 [1.01 1.106 1.2]
3 sedentary  [111.21.2] [1131.21.3
Table 2. Fuzzy sets for the input variable clothing (clo).
Intervals
MF No. Fuzzysets Fuzzy only GA-tuned
1 typical (0.5 0.5 0.6] [0.6 0.5 0.55]
2 normal 0.5 06 0.7 [0.54 0.615 0.68)
3 medium [0.6 0.7 0.7] [0.64 0.7 0.7)

Table 3. Fuzzy sets for the input variable air velocity (m/s).

Intervals
MF No. Fuzzy sets Fuzzy only GA-tuned
1 stagnant [0 0 0.15) [0 0 0.13]
2 unnoticed 001503  [0.090.16 0.23]
3 pleasant [0.15 0.3 0.3) [0.21 0.3 0.3)

(SO e T s

cainig
Ferd e
air-velocly .
1T
Bumicis
Fig. 1. MISO FIS-L.
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Tabled. Fuzzy sets for the input variable humidity (%), Tabie 6. Chromosomes of the input variable act (met).
Intervals act
MF No. Fuzzy sets  Fuzzy on GA-tuned Reading Typing Sedentary
zadin activity activity metivity
1 dry [20 20 50] [20 20 48.37] g
2 normal [20 50 80)  [35.52 47.4 59.27| Left Central Right Left Central Right Left Central Right
3 sticky [5,0 80 80] [Eglug &0 Sﬂ] vertex vertex vertex vertex vertex wvertex vertex vertex vertex

Table 5. Fuzey sets for the output variable temperature (°C).

Intervals
MF No. Fuzzy sets Fuzzy only GA-tuned
1 low [24 24 26] [24 24 25.38]
2 medinm [24 26 28] [24.1 25.50 27.09]
3 high [26 28 28] [26.056 28 28]

l
[ Generate random population of wariables I
I Create initial population of MFs I

Build FI5

e )

Calculate PMV value

| | Sc‘hﬂbutpmﬂﬁ '
I Select worst two parent FISs '
I Croas over the best parent FI1Sa I
l Mustate gentee vertices of MF2s I

Place now offspring by meplacang worst parents

Fig. 2. Functional flow of genetic tuning of the FIS (PMV index).

1950036-4

1 1 b a e ¢ d 12 1.2

da by d. €a

Fig. 3. MFs of chromosomes with amendable vertices for
the FIS.

of chromosomes with amendable vertices a,,, by, e,,
d_, and e, for variables, The subseript n =1,2,3,...
depicts the variable numbers.

3.3. Rule-base
The Rule-base is designed by 81 rules as follows:

(1) IF activity is reading and clothing is typi-
cal and air velocily is stagnant and hu-
midity is dry THEN temp is high.

(2) IF activity is reading and clothing is typi-
cal and air velocily is stagnont and hu-
midity is normal THEN temp is med.

(3) IF activity is reading and elothing is typi-
cal and air velocily is stagnant and hu-
midity is dry THEN temp is med.

(4) IF activity is reading and clothing is typi-
cal and air velocity is unnoticed and hu-
midily is sticky THEN temp is high.

(5) IF activity is reading and clothing is typi-
cal and air veloeity is unnoticed and hu-
midity is normal THEN temp is high.

(6) IF activity is reading and clothing is typi-
cal and air-velocity is unnoticed and hu-
midity is sticky THEN temp is med.

(7) IF activity is reading and clothing is typi-
cal and air velocity is pleasant gnd hu-
midity is dry THEN temp is [l am ag
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(8) IF activity is reading and clothing is typi-
cal and air velocity is pleasant and
humidity is normal THEN temp is high.

(9) IF activity is reading and clothing is typi-
cal and air velocity is pleasant and hu-
midity is sticky THEN temp is med.

3.4. Fuzzy membership functions

The fuzzy membership functions after applying
manual tuning as well as GA-based tuning are
sghown in Figs. 4-8.

3.5. Simulink model for MISO FIS

The Simulink model of genetically optimized FLC
(GAFLC) system created in MATLAB is shown in

Un-tuned Furzy
iy v gt PO T ]

2zt

4| gy e st it i =
T RERIB U T A R AR e A

Genetie Fuzzy Controller for Split Air-Conditioner Control

Fig. 9. The FIS-I named “PMV-based temp” gen-
erates a temperature value such that the PMV and
PPD indices get satisfied. This value is passed on to
FIS-II named “Temp error to count” as a set tem-
perature, The FIS-II generates a count value applied
as an input to the split air-conditioner to achieve a
get value of temperature at the workplace.

3.6. Mathematical model of the system

The thermal model of split air-conditioner and proto-
type room is modeled using energy balance equations.'®
The room temperature variation is given by

ﬂmm = 1 Coo® dettrm’tnd = nguin
dt Mrmnm].r s dt dt i
(1)
GA tuned Fuzzy
Uermnbarahip function plots 68 peiela; 1
herg aadafiary
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Fig. 4. Membership functions for the input variable activity (met).
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™)

FIS-1: PMY based Fuzzy
Controller

Thermal model of Alr-conditioner

Thermal model of
Prototype-Room

Fig. 9. MATLAB Simulink model of the plant having the prototype room and air-conditioner with fuzzy logic controller,

where T, is the room temperature (°C), M omair
is the mass of air inside the room (kg), C,; is the
specific heat of air (J/kg - °C), Quxtraciea i5 the heat
energy extracted from the room by air-conditioner
(J), and @y, is the heat energy that entered inside
the room through the wall by conduction (J).

The rate of thermal energy gain through the walls
is modeled using Fourier's law of conduction as

1950036-6

given by the following equation:

ngl.‘il‘L - T'[:H:un o Tﬂ'l.ll‘-ﬂ:ll'll!
dt R

)

(2)

where T40 18 the outside temperature (°C) and R

is the Thermal resistance of wall,
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where ¢ is the thickness of wall (m), k is the thermal
conductivity value of thermocol (W/m . °C), and A
is the Area of wall (m?).

Since the evaporator is placed inside the room, the
refrigerant through it absorbs the heat from the room.

Thus the thermal energy extracted (Qeciracted) BY
the air-conditioner from the room is modeled by
using the mass flow rate of air as shown in the following;

= -T 4
dt dt Ca]rl:Tm mn:l: '|: ]
where dM,;, /dt is the mass flow rate of air (kg/s) and
T, is the evaporator coil temperature (°C).
Since the mass flow rate of air is kept constant,
then

Leontod _ 0, Gy (Toa ~ Thoom)y ~ (9)
since T, is a varying quantity and is dependent on
the speed of compressor, surrounding temperature,
and mass flow rate of air, It is derived by obtaining
the frst-order transfer function of air-conditioner
system as

K 3.65
Ts+1 T0s+1° (©)

Here, K =change in temperature/change in
input step signal = (33-12)/5.75 = 3.65 and T is the
time constant = 70s.

The simulated results for the generated temper-
ature values for different combinations of four input
variables with GA-tuned FIS-I and untuned FIS-I
are shown in Figs. 10 and 11. Table 7 shows the

G(s) =

— b

—
e it Tty Pty
= ity

B e TR R SeS
L] o ) o] ) s ] (] L) = e
Termirarh

Fig. 10, Simulated results for the generated temperature
values for different combinations of variables,
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Fig. 11. Magnified view of the generated temperature values
with GA-tuned FIS as well as untuned FIS.

PMV and PPD values for various combinations of
input variables, These values are plotted in Figs. 12
and 13, respectively.

4. Hardware Implementation

The world of embedded control domain is
experiencing a dominance of fuzzy logic technology
that is becoming the most rapidly growing successful
technology implemented for the development of so-
phisticated control systems. Even household appli-
ances are advertised as being intelligent with the
help of the built-in fuzzy logic.

Fuzzy logic control algorithm can be imple-
mented on different hardware platforms in various
ways. Target hardware platforms may be digital
signal processor (DSP),'® PC,?*?!' Fuzzy Microcon-
troller’>** or general-purpose microcontroller®2%:
each one having some advantages as well as some
disadvantages. The FLC implemented on DSP or
PC can process floating-point fuzzy calculations
quickly in real time and seems better, faster, and
more accurate during control action.™ Such hard-
ware provides a lot of flexibility for the programmer.
The drawback is its physical size which causes the
system to be bulky and more expensive. The use of
fuzzy microcontroller from MOTOROLA such as
68HCB12A4 provides ease of implementation and is
less expensive, but support tools lack the generali-
zation and mathematical reasoning. The use of
general-purpose microcontroller provides faster
and cheaper implementation, Since micrgcentsalls
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Table 7. PMV and PPD values for various combinations of input variahles at discrete instances with fuzzy and GA-tuned fuszy
controllers,

Fuzzy FIS GA-tuned fuzzy FIS

Time Act Cloth  Air velocity RH Set Set
(=) (met)  (clo) {m/s) (%) temperature (°C) PMV PPD temperature (°C) FMV FFPFD
400 1.06 0.5 0 20 26.25 -0.02 b 26.55 0.09 5
200 1.06 0.6 1} 40 26.15 0.12 5 5.7 =004 il
1300 1.04 0.55 0 40 2569 0.13 3 25.6 0.02 b
1500 1.05 0.55 0.1 40 26.15 0.15 ] 26.1 0.14 ]
2100 1 0.6 0.1 G0 25.9 0.22 ] 25.55 0.1 5
2600 1 0.6 0.1 B0 24.72 ~-0.03 5 24.4 -0.14 b ]
2900 1 0.6 0.2 B0 24.72 =0.03 i) 24.5 =011 ]
3300 1 0.65 0.2 20 26 —0.23 [} 25.7 =0.32 T
3700 1 0.65 0.2 20 26 -0.23 [i] 25.7 =0.32 T
4100 1.16 0.7 0.2 40 24.78 -0.02 b 24.48 -0.1 b
5300 1.15 0.5 0.3 0 25.88 —0.16 i) 25.58 =0.25 &
G900 1.15 0.5 0 &0 24.78 0.17 i 24.48 0.07 5
G100 12 0.55 0 Gl 24,78 0.36 8 2448 0.27 G
G700 1.2 0.55 0 20 24.78 —0.06 5 24.48 ~0.14 5
7100 1.2 0.6 0.1 20 24.72 -0.03 ] 244 =011 5
7400 1.2 0.6 0.1 40 24.72 011 b 4.4 002 ]
7800 1.2 0.6 0.1 40 24.72 0.11 5 244 n.02 ]
8100 1.05 0,65 0.1 oo 25,75 0.37 L] 25.55 0.3 T
BT00 1.05 0.G5 0.2 Lil1] 25,75 0.14 ] 25,3 0 5
9100 1.05 0.7 0.2 80 24,78 0.09 b 24,48 0 bl
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Fig. 12, PMV values for various combinations of input variables,  Fig. 13.  PPD values for various combinations of input variables.

dimensions 0.61m x 0.76m x 0.91m made from
thermocol with a thickness of 0.038 m is considered
into which an evaporator unit of split AC is moun-
ted. Split AC has various components for vapor
compression cycle: a compressor, a condenser, an
evaporator, metering device, and fans. The sche-
A schematic diagram of experimental setup is as  matic design of GAFLC is shown in Fig. 15, where
shown in Fig. 14. An isolated prototype room of IM35 IC sensors are used to sens !

offers integration of CPU, memory, and peripheral
devices in a single chip, the control system becomes
compact,

4.1. Design approach

1950036-8
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Fig. 14. Schematic diagram of the cxperimental setup for
thermal comfort control.
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temperature and evaporator coil temperatures,
which output the corresponding analog voltages.
Also the relative humidity sensor HS 1101 is used to
sense the room's relative humidity.

The signals related to activity level, clothing in-
sulation, and air velocity are generated using po-
tentiometer arrangements. The analog outputs from
all these sensors are then converted into digital
signals at the ADC section. The converted digital
outputs after proper scaling are given as inputs to
the FIS implemented in the microcontroller with
embedded C-language.

FIS then produces a crisp (count) value according
to rule-base and inference. Microcontroller generates
a pulse-width modulated (PWM) signal proportional

act=1.180 clo=8.62
air=8.15 hum= 89,56

set 1=24.00len=30.27

cr= 79.99 PUN=31.37

T:ﬁﬁ 2d. S5BEEIEE

Rz HUMIITY SENBOR
per=t 1 1
it
) = 7
o 1ACT O -1 J LS vouT
R11 F L8 1 Humisty
iR

Fig. 15. Schematic design of GAFLC.
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to this count. The PWM signal is then converted to
proportional DC voltage in the range of 0-10V with
op-amp configured in noninverting amplifier with a
gain of 2. The output of op-amp amplifier is fed as a
control voltage to VFD, This generates three-phase
output of variable frequency in the range of 0-50 Hz
related to the input control voltage. The three-phase
output drives the induction motor, which in turn
drives the compressor. This causes the evaporator
temperature to change. This action helps maintain-
ing the control variables to desired levels.

4.2, Pseudo-code

The portion of code designed for FISs in Arduino in-
tegrated development environment is shown as follows:

1. [/ caleulotes the required temperature to
maintain thermal comfort
2. if ((act >= 1.00 && act <= 1,10)
&elefelo >= 0.50 &b clo <= 0.6)dd
(air >= 0 && air <=015) &&
(humi >= 20 && humi <= 50))// cose-1

3. { di1] = (1.10 - act)/0.10;
4. dj2] = (act — 1.00)/0.10;
5 d3] = (0.60 — clo)/0.10;
6. did] = (clo— 0.50)/0.10;
T d[5] = (0.15 — air)/0.15;
8 d[6] = (air)/0.15;

9. d[7] = (50 — humi) /30;

10.  d[8] = (humi — 20)/30;

11. /*Fuzzy Inference */ /* Measurement of
adaptability of each rule in premise
part */

12 for(i=21i<=81i++)

13. {

14, if (d[1] < dli])

15.

16. d[1) = dli);

17, }

18. }

19. & = (d[1] * Peak value of MF2);

20. K{1] = (1.10 — act)/0.10;

21. k(2] = (0.60 = elo)/0.10;

22. K{3] = (0.15 — air) /0.15;

23, k4] = (air)/0.15;

A, k5] = (50 — humi)/30;

25, K6] = (humi — 20)/30;

26, for(i=21i<=0;i++)

27, {

2% (1] < ki)

20. {

30. K{1] = kl;

31, }

32, }

33. y = (k[1] » Peak value of MF3);

34, v[1] = (act — 1.00)/0.10;

35. r[2] = (elo — 0.50)/0.10;

1950036-10

6. [3] = (0.15 — air) /0.15;
ar. rl4] = (50 — humi)/30;
38, rl5] = (humi — 20)/30;
30. for (i=2i <=5;i++)

40. {

41, if (r[1] < rfi])

42,

43. rl1] = rfil;

4, }

45,

}
46. z = (r[1] » Peak value of MF1);
47, m = (d[1] + k1] + r[1]);
4B, p= (z +y + z)/m; [/ defussification by
weighted average method
49, Serial.print(t);
80, Serialprint(“/1"); }

i [l

(——mllery |

\4 f\\“‘w\r’ Vﬁm’\"\w
;e !

! V.ﬁ oo e SN """\.‘_ - o .h‘__l'J i

L W E £ hﬁi‘-l = 3 T

Fig. 168. Desired comfort temperature and achieved room
temperature (for activity velocity = 1.05 met, cloth = 0.55 clo,
and air velocity = 0.05 m/s).
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Fig. 17. Desired comfort temperature and achieved room
temperature (for activity velocity = 1.2 met, cloth = (.6
air velocity = 0.06 m/s).
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Fig. 18. Simultaneous control of room temperature and rela-
tive humidity (with disturbances).

The data collected for two control strategies are
plotted as shown in Figs. 16-18. In the first strategy
all the parameters are sensed, accordingly the com-
fort temperature to be set is maintained as shown in
Figs. 16 and 17. In the second strategy, all the
parameters are sensed and accordingly the temper-
ature and relative humidity are controlled simulta-
neously as shown in Fig. 18,

5. Results and Discussion

From Fig. 11 it is seen that the generated temper-
ature iz in the range of 24.4-26.55°C, which is well
above the set general temperature value of
24°C. This in turn saves energy consumption to a
greater extent. From Fig. 12 it is seen that for dif-
ferent combinations of all variables, the PMV value
lies in between —0.5 and 4-0.5 as a neutral condition
and as shown in Fig. 13, the PPD value is below
10%. This indicated that the designed control logic
achieves better thermal comfort at workplace at
optimal enerpy usage. From Figs. 16 and 17, the
parameters act, clo, and air velocity are kept con-
stant and the room temperature and humidity are
monitored. For these circumstances FLC has gen-
erated the room temperature values (26°C and
25°C) shown by blue lines and they are maintained
successfully by the FLC as shown by the pink lines,
Figure 18 shows the experimental result of the si-
multaneous control of temperature and relative
humidity. During experimentation the humidity has
been increased at certain instances by adding water
droplets. In this situation the FLC lowers the
evaporator coil temperature to condense the water
droplets thereby accelerating the dehumidifying
action and finally keeps the relative humidity with

1950036-11
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in acceptable limits. For example, it is seen that by
applying disturbances inside the room, the relative
humidity has increased suddenly to a wvalue of
45.46%, then immediately the evaporator coil tem-
perature and room temperature (23.32°C) drop
down shown by the blue and pink lines, respectively,
causing dehumidifying action prominently and
hence reducing the relative humidity. During dis-
turbances, the PMV (0.59) and PPD (27%) indices
go beyond the acceptable limits, but after conden-
sation of water droplet they reside within the ac-
ceptable limits. Thus FL.C has also performed well in
maintaining the comfort level based on simulta-
neous control over temperature and relative hu-
midity.*

6. Conclusion

The paper focused on the design of genetically op-
timized fuzzy logic controller to achieve the thermal
comfort inside the room based on Fanger's PMV
index by split air-conditioner. It is successfully
designed and embedded in commercially available 8-
bit ATmega-328 microcontroller with ease and cost
effective approach. It offered the effective solution to
the healthcare of residents and employees from heat
stress providing comfortable ambience as the PMV
index lies in the range —0.23 to +0.36 with untuned
FIS and -0.32 to +0.14 with GA tuned FIS. From
simulated data, the calculated standard deviation of
PMV values for GA-tuned FIS is 0.165 and for
untuned FIS it is 0.172. It shows GA-tuned FIS out-
performed the untuned FIS. Also from simulated
results it is observed that the personal parameters such
as clothing and activity level have the highest impact.

Since it is a general practice to keep the air-con-
ditioner to operate in such a way to maintain
the room temperature in the range of 20-24°C, In
this context the study reveals that for most of
the possible conditions the range of 24.4-26.55°C
will be the comfort one. This indicates the scope for
reducing energy consumption.
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Abstract

The aim of this research paper is to study the divisibility, reduced representation in any
base number system for integers, try to generalise divisibility rules for B,B™ P+ 1,8 — 1, their
factors, sum of digits in single digit form and to find implementation in Python3.

Ketwords: Division Algorithm, Divides, int, class, constructor, digits
l{'}trﬂduction

Number system of Integers in base (p):

Let B>1 is in as an integer with Dg = {0,1,2,...,8 — 1} is digit set. If x is an integer
number is base B then it is represented as, (x)p= aoP" +a,B"" + - 4 a,-4 B + aywhere
ap # 0&a,,a,,..,a, €EDgn€EN

Division Algorithms: Fora,b,q,r € 2%b=aq+r,a<bq€eZ&0<r<|al

Divides: If r = 0 then a|b

Divides in base B (B > 1): If (a)p [(b)gthen we say that algb and a|gb = al;ob

If a|b then algb where p € 2 p=z
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2. Divisibility in base
Theorem 1: By base ﬂ itself
Consider (x)g = agf” + a;frt + afm? 4+ An_1 Bt + ayag # 0&ay,az, .., an

Dg, B > 1,if B |px then Blganie. an =0.
Corollary 1.1: Factor of §

Consider a|f, if a|gx then al|ay

Corollary 1.2: Powers of Factor of

Consider | i.e. a”|B™ .if a"|gx then a divides numbers composed of last n digits.

Proof' 1
We know that every number divides all its power. Hence [ |g apf™ + a, f"1 +

a,f"% + -+ a.n_l,b" hence if § |gx then Blgan ie. ay =0
Proof 1.1 :
By transitivity, if a|gp, B |gx then & |gx hence a|gan
Proof 1.2
Consider a™|gB™,m < n. We know that a™|g aop”™ + a7 + af2 + 4 agf”

hence if If a™[gx then a™|ga™|p Axs1B™ " + Apaaf™ 2 + - + @y i.e. number composed

last m digits.

Theorem 2: By f — 1
If [}{)B = ﬂuﬁn -+ &'.1,3“-1 =+ azﬁ“‘2 3 ﬂﬂ—lﬁl + a,,ag ¥ 0&a;,az, ....8pn € ﬂﬂ,ﬁi

then if (f — 1)|px then (B — 1)|p Xi=o @i-
Corollary 2.1: Factor of (8 = 1)
Consider a|(f — 1), if a|gx then (f — Dlp Zito ai

Proof 2
We know that (§ = 1)|g(B" — 1), VneN
Consider (x)pg = agf" +a Va1 s S Apq Bt + Qp, 8p &R, Ay, .o a"{

DgB>1 Let (¥g=alf"- 1) +a,(B™ = 1) + a(B"% = 1) + ot ana (B "1)-
Y o @ Since, (8 — Dlgao(f" — 1} +a, (-1 +a B =1 i an-1(8* = 1)
Therefore, if (f — 1)|gx then (8 — Dlp Lizo ai-
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Proof 2.1

By transitivity. if @|g(B — 1),(8~1) |pxthena|gx hence as (f - Dlp Zieo i
lg Yoo
Theorem 3: By f + 1

If (x)g=apf"+a """ +af" %+ ay-1B* + ay, aq # 0&ay, a,,..,a, € Dg,f >

thenif (8 + 1)|gx then (B + 1)|g ZiLo(—1)"a;.

Corollary 3.1: Factor of (8 + 1)

Consider a|(8 + 1), if a|gx then (8 + 1) g ZfLo(—1'a;

Proof 3

_ We know that, (8 + 1)|a(f™ —1),ifn = 2k, kis positive integer, (f + Dg(B™ +
1),ifn = 2k — 1,kis ‘positive integer. Consider (x)p = agf™ +a;f™ ! +af™? + - +

Gn_1 8t + an,ag # 0&a,,33,...,a, EDg, f>1. Let (X)g=an+ an;l(ﬁ +1)=ap_q+
g An2(B2 = 1)+ apoz + an3(B3+ 1) — a3+ . (Np=(@n-1(F+1) + Ba-5(B" =1+
: An3(B3 + 1) + ) + (an — @noy + Gpz — Az +++) . Since, (B + Digan-1(f + 1) +
Ay (B% = 1) + @p3(B> + 1) + . Therefore, if (f + 1)|gx then (8 + 1)jg Yo (=Dia.
Proof 3.1
By transitivity, if a|g(8 + 1), (8 + 1) |gxthen a|gx hence as (B + 1)[g n(—Dla,
alg Zio(-1)'a;
” Theorem 4: Digit Sum In Any Base
| If (x)g is integer representation in base f§ then single digit sum in base £ is nothing but

remainder after dividing by f — 1 if it is 0 then digit sum is § — 1.
Theorem 5: Compressed Representation

If (x) 4 is integer representation in base f we can represent it in base 8™ by representing

blocks of n digits from right to left with equivalent decimal representation in base £".

3. Python3 class int
Python 3 has improved class named int which supports number of base 2 to 36,\4%

L constructor __int__(x,base=10) which needs two arguments x is string or number and default
base is 10 and has valid input set {0,2, ...,36} 0 means default base 10. If base is given x must be

string containing digits from digit set of base base. As there are 10 digits in decimal and 26
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alphabets it supports maximum 36 base hence Digit set for base 36 Dy = {0,1,..,9,a,b, ..
similarly we can find digit set for other base.
Examples using Python3
For Divisibility By base g itself
(3210) = (726)10, 6|726 hence 653210 and we observe 0 as last digit in 3210
For Divisibility By Factor of §
2 and 3 are factors of 6.
(3212)¢ = (728)40, 2|728 hence 2|43212 and we observe 2 as last digit in 3212
(3214) = (730)10, 2|729 hence 2]43214 and we observe 4 as last digit in 3214
(3213)¢ = (729)10, 3|1729 hence 3|¢3213 and we observe 3 as last digit in 3213
For Divisibility By Powers of Factor of §

2 and 3 are factors of 6.

(3212), = (728)10, 221728 hence 22|3212 and we observe 12 as last 2 digits in 3212

(3254), = (754)10, 32|754 hence 3?|3254 and we observe 54 as last 2 digits in 3254
For Divisibility By By § — 1

(3201), = (1128),, 6]1128 hence 6|;3201 and digit sum is 6.
For Divisibility By Factor of (f — 1)

2 and 3 are factors of 6.

(3001), = (1030),, 2/1030 hence 2|,3001 and digit sum is 4.

(3033), = (1053)4, 3]1053 hence 3|,3033 and digit sum is 9.
For Divisibility By By f + 1

(3201), = (1128),,, 8/1128 hence 8|,3201 and alternate difference of digit sum is 0.
For Divisibility By Factor of (f + 1)

2 and 4 are factors of 8.

(3001), = (1030),4, 2/1030 hence 2|,3001 and alternate difference of digit sum is 2.

(3021), = (1044);0, 4/1044 hence 4|,3001 and alternate difference of digit sum is
For Digit Sum In Any Base

(11111)s = (7381)10, 7381%8 = 5 digit sum is 5.
Theorem 5: Compressed Representation 8

(212101)5 = (771)g = (NA)7
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Factor of | Base -1 Factor of | Base+1 Factor of
ik Base Base -1 Base +1 |
int('3210°.6) int('321 3"',6} int('3201',7) int('3001',7) int('3201.7) int('3021.7)
726 729 1128 1030 1128 1044
nt('3210',6)% | int('3213',6)% | int('3201.7)% | int('3001',7)% | int("3201',7)% | int('3021".7)%
6 i 6 2 8 4 ‘
0 0 0 0 0 0

Tablel : Python Code For Divisibility
Sum Of Digits Compressed Form ;
>>> int('11111',9) >>>int('212101',3) >>> 631
7381 >>>int('771',9) >>> 631
>>=int('11111°,9)%8 === int('NA'27) >>>631
5

Table2 : Python Code For Sum Of Digits and Compressed Version

4. Conclusion

It is clear that we can generalise divisibility rules in any base and can represent it any

base. Even we can generalise sum of digits in single digit in any base as well as we can represent

numbers in higher power of base.
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AT,
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W 201 71 TR,
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fore W -7 Wi, agfafauar ger enfon waidt a9 awigwla ww uftaa Fo
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‘wee gl wioRT Y ww AT -
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WEATH 321, AATdARaie 9 WEEAHE aHeHEl aedE g Hade fefo 2 wust gas FEeie g
e @ UHTATST wTeTe. QiEwEHF 21TS ITé Imadem THa wifed gia A ot TEHSE 995
S W 7 Sl AT qEEs! o,

we araHfalEee fguwidie = il sfe wuw e guTon %9 AesidrErsl e wEe
WS FUA Aadg ¢ Saaed AEs 9 SEE 9 e Sled. A agaspdiarg gifis 9 aianiE
y) RN PG U WU g -

fg Wi T Inter-Cultural dialogues is necessary’ Fgurdt ddvleem fafaw dwwdne
et Samur-darn Fwoamrdl gEay e wes. fig-gedm o awmw =t FwE e, fig amieed
fe2 Twadl @ qeeliaien =3 HATE. @ Ui dTATRE AHEAT HEETE A B e i e
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TETET 941 Uide! o SiE ATUER waiEE gard 9 SR 99 SFEET 918 9 S0, TR g
% +John Hoffman and Paul Graham'ﬂi‘!ﬁ'ﬂgﬂ"ﬂﬁ'ﬂaﬂl‘ﬂ' HHeT -
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A g Wifee 9 A G OWE Weg aTed, AWvERdt "igvlt w9dt and. Stwen fafau sl
TrEvftAToreT FHTAY gl eTE1 81 (Positive) THRIH HHIN omR. defies fafay Siwren awdiga, e
TR AT FH AT URUIA, § FH WS ST 9 e SEv-UE0 w0 S A, JiEe
dfte dopdie edtein gaik O9 wmdE, e, oW, Aedneme enfn g o o d@€y St
WA A B el
& . worg ot TN gt agEegdaTgre WHe -

wEE AS = “Syed Ali Raza” #iferamEa= @=a duft agdwpdiagrd foga wigoft ¥+
WTE. I S@dF A About Religious Interfaith and Harmony- Multiculturalism™a1 Qe
AgEEFdETgEl  gul  FA dguegdEy, WA geAsu ol wetan, ageiepds smedie
7E3™, (Multiculturalism and Monotheism) FgHTERdi® AT UkHyawarg Aifies o ¢ o1 asdie Tieen
WITHES FSel ATe, T qEaERed] ga=gT HITHEd et amfor (Its origin Jearet Ieafa, arfeear wegdl,
Tt wedl aidl wul Fedl R, 9e At @ G Swsredl 7, Sehdl (Culture) & (Cultivation)
ATTe Hegetes] ATaveay T8 FI0N Weg oM. ehdl & Wea o smamrardt Iuatft veat.

t) = amuw wiffes

2) afewt - wete fafag fagasre ==l Foamsfar,
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famaren aradta g, agEepdET @ fafay wendte oh-gaen Al gefae g degdt st
AR arEfen sevferae o, weEaETs @ fau piem et ot g, stfis g enf
A A AT WA BRI q ATRd AT AR, WG A U, T TEUIRT Hepell Tege, ¢ Sy
HTTE] IAATS dEEEHdl AR,

}) WEEiEHdS GATAT Hea A -

AEEERAETE FEUS @™ ZE A9 @ (Civilization) FeUR AT Fiepfaw fw wEed’ @
st e fafiy THEIER UEAE T WSS G U qgdegpdae g, e fafa
wiTdie @t 2 o1, B, Tl wd, e 3. aradia fire fm wea srmard. A i, swaam e
fareror 3, witen uan fammonga ge=n fowmft 49 @@, IRGT FH9 AUS SffaT STE A, degr 99
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fewgm a4,

¥) MEHiEpdS WA e A awa o Ige e -
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W, wu, Gegdl 3. e TaeTe @i U orgdrd. 99w wgath, W, W 33wl et Sy,
Tt g eTel aradld (HE TEUTE AT 9 e dehdt dfae fira weuren sma. [ W
TG TEU TEHIEH O TS & W guRoel dwdl 3 9 fawssye 3 S e s
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o) Wegdren fafaudgn e fame T o= aui agEepdaTy ware fga a9t
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wra At wui FSdl fige 99, oag aelt wn aten WA, WA q ARG W dumeR dwae, o,
degdl, wm, fewm 3. v fafayu wien wwmone firear o, wwdta depdtae fafava 3 e ag.
T AgEERdiEE eeo an. A4 fig, dt, dw, g, favem, aefl, e sardt wafR St TEa amea,
fs} fafay W Sieen A, AUTYER TOEAT HEE A e A Fe e el wemE el TEn it
AT T TEARTHYA dgeehdl argrdl w2l FEE .
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AT AvTEme e faegiaren awadta gataEng, wgEE, -y,
agEegdiag @ 9 fegrae dRcageTd AR, UTEHITE AeuEEiwre] WA agdwaEl o |
AT 9 AGHEATHIA! SATTe Wl offer THA o Acuwearhiay 7 Siedl giepfos wamd=ra afusr 20 =
T AT TEA Wi ad i) Jano-san givt F wmed SETea Sepdme gEay am g
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ad wweA eifeawar aruel W, SER AT QR eTETATRAl SUA1 99 WA SieTeR @igd 9
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