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AIM AND SCOPE

Energy, Environment and Storage papers consider the prospects of energy technologies,
environment, materials, process control and industrial systems. The Energy, Environment and
Storage will be published 3 times per year.

Contributions describe novel and significant applications to the fields of:

e Hydrogen Fuels

e Hydrogen and Fuel Cell

e Hydrogen Economic

e Biomass

e Solar PV Technology

e Solar Thermal Applications

e Wind Energy

e Materials for Energy

e Drones and Energy Applications

e Nuclear Energy and Applications

e Hydro Power

e Fuel Technologies (CNG, LNG, LPG, Diesel, Gasoline, Ethanol, etc.)
e Numerical Modelling

e Energy Storage and Systems

e Battery Technologies

e Energy Management

e Heat and Mass Transfer

e Aerodynamics

e Aerospace and Energy Applications

e Combustion

e Electric Vehicle Transportation

e Off-grid Energy Systems

e Environment Management

e Air Pollution

e Water and Wastewater Pollution

e Water and Wastewater Management
e \Waste Management

e Global Warming and Climate Change
e Environmental Ecosystem

e Environmental System Modelling and Optimization
e Ecological Applications or Conservation
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ABSTRACT. In an electrical installation in buildings, electromechanical switches are mostly used to turn on and off a
load. However, sometimes there are two or more switches in the same circuit intended to control the same load. Thus, a
conflict can happen between multi-users who are trying to overtake the control of the load (such as turning it on or off). To
solve the problem, this paper proposes a novel switch called “Fully Controllable Rotary Switch” (FCRS) in which it can
fully control not only the load but also other switches by blocking them or giving them limited or full access over the
electrical circuit and the loads. For validation purposes, the utilization of FCRS in buildings is compared to the traditional
switches under the same functionality and conditions. Results show that FCRS has the ability to control many electrical
loads simultaneously, control other switches in the circuit, increase the satisfaction, security, and privacy of the users.
Finally, it reduces the conflict between multi-users and the investment cost by avoiding installing additional switches and

protection devices.

Keywords: Rotary switch, Switch, Buildings, Electrical installation, Control loads.
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NOMENCLATURE

1P1T  Single pole, Single Throw Switch

1P2T  Single pole, Double Throw Switch

1PNT  Single pole, N-Throw

2P1T  Double Pole Single Throw Switch

2P2T-R Double pole, double throw with reverse polarity
DPDT Double Pole Double Throw Switch

DPST Double Pole Single Throw Switch

MPNT M pole, N throw

SPDT Single Pole Double Throw Switch

SPST  Single Pole Single Throw Switch

1. INTRODUCTION

1.1 Background and motivation

In electrical engineering, a switch is a component that is
able to turn on and off one or more electrical elements,
connect or disconnect the conducting path in an electrical
circuit, divert the electric current from one conductor (or
wire) to another, and interrupt the electric current flow in
a conductor [1, 2]. Electromechanical device switches are
considered the most common switches, which consist of
one or more sets of movable electrical contacts connected

*
Corresponding author: c.bayeh@hotmail.com

to external circuits [3, 4]. When the pair of contacts in the
switch are touching (also called closed contact), the
current flows in the circuit, and the electrical elements are
turned on. When the contacts are separated (also called
open contacts), the current cannot flow, and the electrical
elements are turned off [4, 5].

Different configurations exist for the switches. Switches
may have many sets of contacts controlled by the same
actuator or knob, and the contacts can operate alternately,
sequentially, or simultaneously [6]. Switches can operate
manually (e.g., light switch), or using a sensing element
(e.g., temperature sensor, motion sensor, etc.) [6]. There
are many existing forms of switches such as circuit
breakers, relays, reversing switches, push-button switches,
mercury switches, rotary switches, and toggle switches [7-
9]. Despite the different forms of switches, they function
in the same way in which they open or close electrical
contacts to control the current flow in conductors. Usually,
each contact is connected to only one conductor. Hence,
the question that arises, what happens if one electrical
contact in the switch can be connected to two or more
other terminal contacts instead of just one? Will it give
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more controllability to the user and increase security? Will
it facilitate the daily usage of electricity, especially in
buildings? What if many users have access to control a
certain load simultaneously, which of them will have more
privilege than others to control the load? To the best of the
author’s knowledge, the existing switches cannot answer
these questions and cannot meet the requirements of
certain users. Hence, a new type of switches should be
designed to answer all these questions.

1.2 Literature review

In the field of electrical installation in buildings, switches
play an important role in controlling electrical elements
by turning them on or off, such as light bulbs, fans, air
conditioners, water heaters, and many others [10, 11]. The
most familiar form of switches is manual-based
mechanical devices with one or more sets of electrical
contacts connected to external circuits. A set of contacts
is composed of two contacts that can be either connected
or not connected. If they are connected, the current flows
in the circuit, and we call it “closed”. In case they are not
connected, we call it “open” since the current cannot flow
in the circuit. Fig. 1 presents the difference between
closed and open contacts.

Current flow
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Fig. 1. Open and closed contacts of a switch.

A switch can have many poles and throws. The number of
poles is the number of an electrically separate set of
contacts that are controlled by a single physical actuator.
Fig. 2 shows examples of different forms of switches with
a different number of poles. The one-pole switch can be
used for a single-phase circuit in which it can only
connect or disconnect a phase. A double-pole switch has
two separate parallel sets of contacts, which open and
close simultaneously via the same mechanism. This can
be used to separate the phase and neutral in a single-phase
circuit, or 2 phases in a two-phase circuit, etc., [12-14].

Lot
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Fig. 2.Different number of poles in a switch.
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Fig. 3. Different number of throws in a switch.
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The number of throws presents the number of available
paths for each pole in which the switch can adopt [12-14].
Fig. 3 shows different number of throws in a switch. If a
switch has only one throw, it can only control one circuit.
If a switch has two throws, it can maximum control two
circuits, and the current can flow either in the first or in

the second circuit and not both simultaneously.

Table 1.Most common switches.

Abb.

Name

Description

Symbol

SPST
1P1T

Single pole,
single throw

A simple on-off switch. The
two terminals are either
connected or disconnected. If
the two terminals are normally
disconnected, the switch is
called Normally Open (1P1T-
NO). If the two terminals are
normally connected, the switch
is called Normally Closed
(1P1T-NC), [15-17].

P~ 1T
1P1IT-NO
(a)

P o 1T
1P1T-NC

SPDT
1P2T

Single pole,
double throw

ITwo possible switches can be
in this case. (a) 1P2T in which
the 1P terminal is either
connected to 1T or to 2T. (b)
1P2T-CO has an additional
center-off position (CO) in
which 1P terminal can rest, and
it is not connected to any other
terminals (1T nor 2T). So, the
possible positions, in this case,
are, CO, 1T, and 2T, [15-17].

1PNT

Single pole,
N-Throw

ITwo possible switches can be
in this case. (a) 1PNT in which
the 1P terminal is connected to
one of the throw terminals, 1T,
DT, ..., or NT. (b) 1PNT-CO
has a center off position (CO)
in which 1P terminal can rest
and it is not connected to any
other terminals (1T, to NT).
IThe possible positions in this
case are CO, 1T, 2T, ..., NT.

1PNT-CO
(b)

DPST
2P1T

Double pole,
single throw

Equivalent to two parallel 1P1T
switches controlled by a single
mechanism. There are two
possibilities. (a) 2P1T-NO, in
which a set of contacts is in the
initial position normally open
(NO). (b) 2P1T-NC in which a
set of contacts is in the initial
position normally closed (NC),
[15-17].

1P 1T

MPNT

M pole, N
throw

Equivalent to M parallel 1PNT
switches controlled by a single
mechanism. There are two
possibilities. (a) MPNT, in

hich the first terminal (1P, 2P,
...) is connected to one of the
existing N terminals (1T, 2T,
..., NT). (b) MPNT-CO, in
which the first terminal (1P, 2P,
...) can have a rest position and
may not be connected to any of
the N terminals (1T, 2T, ...,
NT).

2P2T-R

Double pole,
double throw
\with reverse

polarity

IThe switch is able to reverse
polarity by changing its
position. The first position, 1P

2P is connected to 2T. Once the
switch is pressed, the polarity is
changed and 1P terminal
becomes connected to 2T, and
2P becomes connected to 1T,
[15-17].

terminal is connected to 1T, and |~
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The number of throws presents the number of available
paths for each pole in which the switch can adopt [12-14].
Fig. 3 shows different number of throws in a switch. If a
switch has only one throw, it can only control one circuit.
If a switch has two throws, it can maximum control two
circuits, and the current can flow either in the first or in
the second circuit and not both simultaneously.

Table 1 shows the most common switches used in
electrical installation in buildings. For lighting, 1P1T
(one-pole, one-throw), 1P2T (one-pole, two-throw), and

Energy, Environment and Storage (2022) 02-01:1-10

switches; (c) time-controlled switches; (d)

brightness of lamps as well as turning them on
or off; and (e) light switch mounted on the
socket, base, or in-line with the cord.

dimmer switches that allow controlling the ||

Pull switch

It is actuated by means of a chain or string.
Once the string is pulled, one pull is to switch
on and next pull is to switch off. Mostly used
to turn on/off ceiling lights and fans[29].

2P2T-R (polarity-reversal two-pole, two-throw) are
mostly used.
Table 2.0ther type of switches Part I.
Name Description Picture /
Symbol
Centrifugal [It operates using the centrifugal force T
switch resulting from a rotating shaft (e.g., electric

motor,and gasoline engine). It is designed to
lactivate or de-activate as a function of the
rotational speed of the shaft[18].

ne

1.3 Other types of switches
There are other types of switches that can have different

functionalities.

Table 2 and Error!

Not a valid

bookmark self-reference.show the 20 most used
switches in engineering. In addition, we classify the
switches into many categories as depicted in Fig.4.

Table 3.0ther type of switches Part 11.

Name

Description

Picture /
Symbol

Company
switch

Itis used for power distribution systems in
convention centers, arenas, theaters, etc.,that
often require panel boards for electrical
lequipment. It is designed to be easy to use,
easily portable, safe and fast[19].

Dead
man's
switch

It is a switch designed to be activated or
deactivated if the human operator becomes
incapacitated (i.e., through death, loss of
consciousness, or being bodily removed from
control). It can be applied to switch on/off
\vehicle, machine, computer, etc.[20].

Membrane
switch

It is an electrical switch for turning on/off a
circuit. It is a circuit printed on Polyethylene
terephthalate or Indium tin oxide in which it is
mostly used as user-equipment interface
utilities that allow for the communication of
commands from users to electronic devices
such as printer, keyboard, etc., [30].

Fireman's
switch

It allows firefighters to quickly disconnect
power from high voltage devices that may
cause a danger inemergencycases [21].

)

Hall effect
sensor

It is a type of sensor which detects the
presence and magnitude of a magnetic field
using the Hall effect[22]. It is used for
proximity  sensing,  positioning,  speed

detection, and current sensing applications. |,

Usually, it is combined with threshold
detection to act as a binary switch. Hall effect
sensors are used in industrial applications and
in consumer equipment (i.e., detecting
missing papers in some computer printers).

1
=

)

Optical
switch

It amplifies weak optical signals from the
input.  Light occurring on an optical
transistor’s input changes the intensity of light
lemitted from the transistor’s output while
output power is supplied by an additional
optical source. It is mostly used in optical
computing and fiber-optic networks[31].

Piezo
switch

It generates electric charge when certain
materials are under stress or pressure. It works
using Piezoelectric effect. The stress could be
ia force from compressive pressure that causes
the piezo element to bend very slightly like a
drumhead and be activated.

Inertial
switch

It is an electrical switch which is firmly
mounted upon some equipment such as a
ehicle or other mobile device, that triggers in
the event of shock or vibration[23, 24]. Once
it is triggered, it may either enable or disable
some functions such as stopping the fuel
pump during a car collision or accident in
order to avoid fire hazard.

Push
button
switch

It is a momentary or non-latching switch
\which causes a temporary change in the state
of an electrical circuit only while the switch is
physically actuated. An automatic mechanism
(i.e. a spring) returns the switch to its default
position immediately afterwards, restoring the
initial circuit condition [32].

Stepping
switch

It is an electromechanical device that switches
lan input signal path to one of several possible
output paths, directed by a train of electrical
pulses[33].

Isolator
switch

It is used to ensure that an electrical circuit is
completely disconnected for service or
maintenance [25].

Key switch

It is a key-operated switch.lt is used in
situations where access needs to be restricted
to the switch's functions such as lunching
nuclear missiles [26, 27].

Time
switch

It is a timer that operates an electric switch

controlled by the timing mechanism (could be |42

mechanical or electronic). It has several

applications, as an example, a sleep timer is a ||

function on many modern televisions and
other electronic devices that shuts off the
power after a preset amount of time[34].

Emergency
switch

It is a safety mechanism used to shut off
machinery in an emergency, when it cannot be
shut down in the usual manner.

Latching
switch

IA latching switch is a switch that maintains its
state after being activated.[1] A push-to-make,
push-to-break switch would therefore be a
latching switch — each time you actuate it,
hichever state the switch is left in will
persist until the switch is actuated again[28].

[Touch
switch

It is a type of switch that only has to be
touched by an object to operate. It is used in
many lamps and wall switches that have a
metal exterior as well as on public computer
terminals. A touchscreen includes an array of
touch switches on a display. A touch switch is
the simplest kind of tactile sensor.

Light
switch

It is used to turn on/off electric lights,
permanently  connected  equipment, or
electrical outlets. Different types exist
including: (@ and remotely controlled

switches and dimmers; (b) occupancy-sensing

[Transfer
switch

It switches a load between two sources. It can
be manual (by throwing a switch), or
lautomatic (when it senses one of the sources
has lost or gained power). As an example, an
IAutomatic Transfer Switch (ATS) is often
installed where a backup generator is located,
so that the generator may provide temporary

electrical power if the utility source fails[35].
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1.3 Contribution

The main problem of the existing architecture of the
switches is that they are not able to connect more than one
circuit at a time (e.g., 1P terminal cannot be connected to
1T and 2T terminals simultaneously in the switch 1P2T).
In addition, they do not give the user a full control of all
circuits especially when more than one switch is located
on the same circuit. Therefore, an original switch should
be developed in order to increase the controllability of
many circuits at the same time. For this purpose, a novel
switch called Fully Controllable Rotary Switch (FCRS) is
designed in this paper, in which it increases the
controllability over many circuits simultaneously,
increase privacy and security, and reduce the investment
cost. For validation purposes, the novel switch is
compared to existing switches that are used to control
electrical loads in buildings.

Toggle Switch

S W]tC heS SCR | APower Diode

Limit Switch
Bipolar Transistors
- 3 MOSFET
Press Mechanical Electronic

SPST IGBT
SPDT Electrical :-)T/I\AF

C
BE;TT Gate Turn-Off Thyristor
2P2T-R

Company switch
Latching switch

Light switch

Membrane switch
Push Button Switch Movement
B Pull switch
Securit Push switch -
Joystick Switch Rotation
]?.ead man's switch Float Switches
Fireman's switch Rotary Switches Timer

Inertial switch
Isolator switch
Key switch

Kill switch
Thermal Switch

Centrifugal switch

Hall-effect switch

Stepping switch

Sensors

Flow Switches
Pressure Switches
Temperature Switch
Piezo switch
Thermal Switch
Optical switch
Slotted optical switch

Fig.4.Classification of switches.

2. DESIGN OF A FULLY CONTROLLABLE
ROTARY SWITCH

2.1 Mathematical background
The number of terminals and contacts of the Fully
Controllable Rotary Switch (FCRS) depends on how many
circuits we would like to control and what is the main use
of it. Generally speaking, if M and N represent the number
of poles and throws of the switch, respectively, the
number of possible positions (P) for the contacts in the
FCRS is presented in Eq. (1). As an example, if the switch
has the form of 1P2T, 3 terminals exist (including the pole
terminal), and the total number of possible positions is
equal to 2G=D = 4. If the switch has the form of 1P3T,
the total number of possible positions or combinations is
equal to 2¢4~D =8,

P =M20-1 (1)

The rotation angle that should separate the terminals in the
switch is described in Eq. (2) and presented in Fig. 5.

360°

= 75 @)
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Fig. 5. Rotation angle separating the terminals.
The maximum number of connections (n) between
positions is determined by Eq. (3). Where, P is the number
of possible positions.

_P(P-1)  M20D(M20D —1)
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Number of Number of Number of
positions: 2 pesitions: 3 positions: 4
Fig. 6. Number of connections as a function of the number
of positions.

(W]

The maximum number of configurations C is
determined by Eq. (4) and Eq. (5), where C is a function of
the number of terminals.

(!
¢= 21'(71—1)' ?
C= M2(T—1) M;T’l) 1 . ©
i=0 i (% B i) !

Table 4. Number of connections as a function of the
number of the possible positions.

Number . maximum number
Maximum | Shape : .
of of configurations
o number of | of the 0
positions ; .
p connections n| switch
2 1 180 2
3 3 120 8
4 6 90 64
5 10 72 1,024
6 15 60 32,768
7 21 \141.428 2,097,152
— P(P—1)
2 _
> P(P—1) 360°M (*E2)
2 P . (P(P-1) .
= 1!( 5 —1)!
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2.2 Design of a Fully Controllable Rotary Switch

In this section, the design of a Fully Controllable Rotary
Switch (FCRS) is presented, in which only three types are
shown FCRS-1P2T, FCRS-1P3T, and FCRS-2P3T. Fig.7
presents the design of a FCRS of the type 1P2T (one-pole,
two-throw). Internal connections and the external look of
the switch are presented in the figure. There are 4 possible
connections in this switch, (a) the switch is off, (b)
terminal 1P is connected to terminal 1T, (c) terminal 1P is
connected to terminal 2T, (d) terminal 1P is connected to
both terminals 1T and 2T. Therefore, the switch gives the
user full control over the two circuits (connected to 1T and
2T), which is not the case with any traditional switch. By
adding internal barriers (in Fig.7 barriers a, b, ¢, and d), it
is possible to limit the rotation of the switch and forbid it

[T9% 1)

to reach a certain position. For example, if barrier “a” and
“c” are activated, the switch cannot reach the position
“NO” normally open. Hence, the only states can be:

1) terminal 1P is connected to terminal 1T,

2) terminal 1P is connected to terminal 2T

3) terminal 1P is connected to both terminals 1T and

2T

In case the barriers “c” and “d” are activated, the switch
cannot reach the position “1,2”, and the only states can be
as follows:

1) the switch is off,

2) terminal 1P is connected to terminal 1T,

3) terminal 1P is connected to terminal 2T

From this place, adding internal barriers can increase the
complexity of the switch and give it much more control
over all circuits.

On/Off internal barriers
that limits the rotation External

conductors

T inal:
erminats External

frame

the conlact

[c[;lrfrr::l:tlions ’i o \7’—1
Fig.7. Internal and external design of FCRS-1P2T.

Fig.8 presents the design of a FCRS of the type 1P3T
(one-pole, three-throw). Internal connection and external
look of the switch are presented in the figure. There are 8
possible connections in this switch as follows:
1) the switch is off,
2) terminal 1P is connected to terminal 1T,
3) terminal 1P is connected to terminal 2T
4) terminal 1P is connected to terminal 3T
5) terminal 1P is connected to both terminals 1T and
2T
6) terminal 1P is connected to both terminals 1T and
3T
7) terminal 1P is connected to both terminals 2T and
3T
8) terminal 1P is connected to all terminals 1T, 2T
and 3T
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The switch gives the user a full control over the three
circuits (connected to 1T, 2T, and 3T) which is not the
case of any traditional switch.

1|

O 3T L3
P 13
FCRS: 1P3T :

Fig.8. Internal and external design of FCRS-1P3T.
Fig.9 presents the design of an FCRS of the type 2P3T
(two-pole, three-throw). Internal connection and external
look of the switch are presented in the figure. Similar to
the previously mentioned switch 1P3T, there are 8
possible connections for each pole in this switch. Hence,
the total number of possible connections is 16 for all
poles. The contacts of all poles can be rotated by a single
or separate axis. In the case of a single rotating axis, all
poles in the switch will be connected to the same terminal
positions. In another meaning, if 1P is connected to 2T in
the first layer, then 2P will also be connected to 2T in the
second layer. However, for a multi-rotating axis, each pole
is controlled by its own rotating mechanism and the
contact position may not be the same for different poles.
In another meaning, if 1P is connected to 2T in the first
layer, 2P could be connected to 3T or any other terminal.
Hence, this kind of switches gives a full control over all
circuits connected to the switch, which is the main
originality of this work. With the same analogy, any
FCRS-NPMT can be created with “N” Poles and “M”
Throws.

/
T )

Fig.9. Internal and external design of FCRS-2P3T.

3. APPLICATION OF THE FULLY
CONTROLLABLE ROTARY SWITCH IN
ELECTRICAL INSTALLATION IN BUILDINGS

In this section, only FCRS-1P2T and 1P3T are chosen and
compared to the traditional 1P1T, 1P2T, and 2P2T-R
switches in the field of electrical installation in buildings.
The main goal is to give the user a full controllability over
the electrical elements (such as lighting, machines, etc.),
especially when there are multi-users who can also control
the same element.

3.1 1P1T Switch vs FCRS-1P2T

FCRS-1P2T can be used to replace the 1P1T switch and it
can control the electrical load in the same way as
presented in Fig.10. The load is branched to 1T contact in
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the FCRS. Hence, to turn on the load, it is sufficient to
rotate the switch to any position that has the number “17,
(such as: “1” and “1,2”). To turn it off, it is sufficient to
rotate the switch to any other position (such as” “Off”, and
“27).

-
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= (a) (c)
Current flow Current flow
e [1
(e L
Closed Contact {
8 . Z
o z 5
= o
2 ) Yo A
W ‘\ \ -4 \—; \ \,/ —3
BT I - T . 3
2 Electrical - Electrical n
35_ Element v Element
(b) (d)
1PIT FCRS—-1P2T

Fig.10. 1P1T Switch vs FCRS-1P2T.

3.2 1P2T Switch vs FCRS-1P2T

Similar to the previous subsection, FCRS-1P2T can
replace 1P2T switch as presented in Fig. 11. 1P2T switch
can either turn on load 1 or load 2. FCRS-1P2T has an
advantage over 1P2T switch in which it has more states,
such as turning off all loads, turning on load 1, turning on
load 2, and turning on load 1 and 2 simultaneously as
inFig. 11.

Powe Sour
)
N\

)

H—
S
12 :
=
<L

Power Source

Load 1| Load

A PCRR—IPZT
Fig. 11. Example 1, 1P2T Switch vs FCRS-1P2T.

3.3 Two 1P2T switches vs. two FCRS-1P2T

Suppose that two switches are used to control a light bulb
in a room as in Fig. 12. Each switch is located next to a
door, one on the entrance and one on the exit. The light
can be controlled by any switch and has one of the two
states, either on or off.
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/ Entrance
e

 AP2T swilch
. Ijighl

o)
1P2T switch

Exit //

—
Fig. 12. Controlling light in a room using two 1P2T
switches vs. two FCRS-1P2T.

Fig.13 and Table 5 present all possible contact positions
for the two switches. It can be remarked that the light is
turned on only if both switches are in the same contact

positions.
O Q O Q
o 5 ey O
O e’ It )
© | 9, 9, ) .
b Switch 1 Switch 2 Switch 1 Switch 2
3 L N A L~ OFF—
PO SN N -
; \ Load Load
j=
-~
— (a) — — (c) —
[ O 9 O o
e Ny o cang o
@ ) O A
Switch 1 Switch 2 Switch 1 Switch 2
N S e

I
<

ON < > o
™) —(X)= OFF(>()
Load Load
f— (b) — f— (d) —
Two 1P2T switches
Fig.13. All possible contact positions for both switches of

type 1P2T.
Table 5. Possible combination of contact positions of two
1P2T switches.
Switch 1
Position 1 Position 2
. Position 1 On
Switch 2 Position 2

For the case of using the proposed FCRS-1P2T, there are
lots of ways to control the light, which also depends on the
connection type of the terminals of the switch and the
configuration of the switches. The control can be divided
into six main categories as follows:

e Switch 1 has full control of the load disregarding the
contact positions in switch 2, (refer to configuration
1in Fig.14 and Table 6),

e Switch 2 has full control of the load disregarding the
contact positions in switch 1, (refer to configuration
2 in Fig.14 and Table 7),

e Switch 1 and 2 can equally control the load without
any preference to any switch, (refer to configuration
3in Fig.14 and Table 8),

e Switch 1 and 2 can control the load with a slight
preference to switch 1, (refer to configuration 4 in
Fig.14 and Table 9),

e Switch 1 and 2 can control the load with a slight
preference to switch 2, (refer to configuration 5 in
Fig.14 and Table 10),

e Other configurations (refer to configuration 6 in
Fig.14 and Table 10),
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The possible configurations are not limited to the ones
presented in Fig.14. There are many other ways to
configure the connection; however, only six selected
configurations are presented in this section. FCRS allows
us to make a large number of different configurations, in
which each one operates in a different way according to
the needs of the users. Hence, using the proposed FCRS
gives much more flexibility to control the loads compared
to the traditional switches such as 1P2T.
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— Configuration 1 —
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Fig.14. Six selected configurations of connecting two
FCRS-1P2T switches.

Table 6. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 1.

Switch 1

Switch 2

Table 7. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 2.

Switch 1

Off 1 2 1,2

Switch 2

Table 8. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 3.

Switch 1

Off 1 2 1,2

Switch 2
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Table 9. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 4.

Switch 1
Off 1 2 1,2
N Off
5 1
§ 2
N 1,2

Table 10. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 5.
Switch 1

Switch 2

Table 11. Possible combination of contact positions of the
two FCRS-1P2T switches for configuration 6.
Switch 1

Switch 2

3.4 Controlling an electrical load from three locations
Suppose that three switches are used to control a light bulb
in a room as in Fig. 15. Each switch is located next to a
door, one on the entrance, the second on exit 1, and the
third on exit 2. The light can be controlled by any switch
and has one of the two states, either on or off. In the case
of traditional switches, two 1P2T and one 2P2T-R
switches are needed. In the case of the new switches, two
FCRS-1P2T and one FCRS-1P3T are needed. Fig.16 and
Table 12 present all possible contact positions for the three
conventional switches. Fig. 17, Table 13 and Table 14
present a simple configuration of the proposed FCRS in a
circuit and all the possible combinations of the contact
positions. It is important to mention that such kind of
circuits can have many different configurations which
allow a more controllability of the electrical loads.
However, in this section, just one configuration is
presented as an example.

/J Entrance
S N
{/\\ ] f:%j
~PRT switch 2P2T-R swileh/
Light
T
N

1P2T switch

P
“/F.xit 2

t i

Fig. 15. Controlling a light in a room using two 1P2T and
one 2P2T switches vs. two FCRS-1P2T and one FCRS-
1P3T.
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Table 12. Possible combination of contact positions of
two 1P2T switches.

Light status

Switch 1 Switch 2 Switch 3
Position 1 Position 1 Position 1
Position 1 Position 1 Position 2
Position 1 Position 2 Position 1
Position 1 Position 2 Position 2
Position 2 Position 1 Position 1
Position 2 Position 1 Position 2
Position 2 Position 2 Position 1
Position 2 Position 2 Position 2
i —{hr X oo
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@
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[«]
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Switch 3

Fig. 17. A simple configuration of the circuit using FCRS.

Table 13.Possible combination of contact positions of two
FCRS-1P2T and one FCRS-1P3T switches (Part 1).

Switch | Switch |Switch| Light Switch | Switch | Switch| Light
1 2 3 status 1 2 3 status
0 0 0 1 0 0
0 0 1 1 0 1
0 0 2 1 0 2
0 0 1.2 1 0 1,2
0 1 0 1 1 0
0 1 1 1 1 1
0 1 2 1 1 2
0 1 1.2 1 1 1,2
0 2 0 1 2 0
0 2 1 1 2 1
0 2 2 1 2 2
0 2 1,2 1 2 1,2
0 3 0 1 3 0
0 3 1 1 3 1
0 3 2 1 3 2
0 3 1,2 1 3 1,2
0 1,2 0 1 1,2 0
0 1,2 1 1 1,2 1
0 1,2 2 1 1.2 2
0 12 1.2 1 1,2 1,2
0 13 0 1 13 0
0 13 1 1 1,3 1
0 13 2 1 13 2
0 1,3 1,2 1 1,3 1,2
0 2,3 0 1 2,3 0
0 2,3 1 1 2,3 1
0 2,3 2 1 2,3 2
0 2,3 1,2 1 2,3 1,2
0 12,3 0 1 12,3 0
0 12,3 1 1 12,3 1
0 12,3 2 1 1,23 2
0 12,3 1,2 1 1,2,3 1,2

Table 14. Possible combination of contact positions of
two FCRS-1P2T and one FCRS-1P3T switches (Part 2).

Switch | Switch | Switch| Light Switch [ Switch |Switch| Light
1 2 3 status 1 2 3 status
2 0 0 1.2 0 0
2 0 1 12 0 1
2 0 2 1,2 0 2
2 0 12 12 0 12
2 1 0 1.2 1 0
2 1 1 1,2 1 1
2 1 2 12 1 2
2 1 1,2 1,2 1 1,2
2 2 0 12 2 0
2 2 1 1,2 2 1
2 2 2 12 2 2
2 2 1,2 1.2 2 1.2
2 3 0 12 3 0
2 3 1 12 3 1
2 3 2 12 3 2
2 3 12 12 3 12
2 12 0 12 1.2 0
2 12 1 12 1.2 1
2 12 2 12 12 2
2 12 12 12 1.2 12
2 13 0 12 13 0
2 13 1 12 13 1
2 13 2 12 13 2
2 13 12 12 13 12
2 23 0 12 23 0
2 2,3 1 12 2,3 1
2 23 2 12 23 2
2 23 12 12 23 12
2 123 0 12 1123 0
2 123 1 12 1123 1
2 123 2 12 1123 2
2 123 ] 12 12 1123 12
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3.5 Comparison between the traditional switches and
FCRS

In this subsection, a comparison between traditional
switches and FCRS is presented in Table 15. FCRS can
control many electrical loads simultaneously which is not
the case of any other traditional switch. For example, in
the case of 1P2T switch, maximum two loads an be
controlled and only one of them can be turned on or off.
However, FCRS-1P2T can turn off all loads, turn on load
1, turn on load 2, and turn on loads 1 and 2, which is not
the case of any other switch. In addition, the FCRS can
have a large number of configurations which allow one
switch to overtake the control not only on the electrical
loads, but also on other switches in the same circuit, which
will increase the security, privacy, and satisfaction of a
certain user, while reducing the conflict between multi-
users who are trying to control the same load using many
switches on the same circuit. However, FCRS present
complicated configuration that might increase the
complexity of the manufacturing and the system, which
are considered its main drawbacks. Despite the mentioned
limitations, FCRS can replace one or many switches and
protection devices, which will reduce the investment cost.
Hence, it is more attractive to a specific type of users.

Table 15. Comparison between traditional switch and

FCRS.

Description Traditional switch | FCRS
Control many electrical loads at a No Yes
time
Control other switches on the same No Yes
circuit
Increase the satisfaction of the user Maybe Yes
Increase the security while No Yes
repairing the electrical load
Reduce the conflict between multi- No Yes
users
Increase the privacy of the user No Yes
System is less complex Yes No
Manufacturing of the switch is less Yes No
complex
Low manufacturing cost Yes No
Reduce the investment cost by No Yes
reducing the number of installed
switches and protection devices
Simple configuration and Yes No
installation

4. CONCLUSION

Nowadays, electromechanical switches are widely
deployed and used in buildings, in which they can turn on
and off one or many electrical loads by changing the
position of contacts. The most used switches are single-
pole single-throw (SPST), single-pole double-throw
(SPDT), and double-pole double-throw (DPDT). Despite
the utility of these kinds of switches in controlling
electrical loads such as lighting, they have many
limitations. The most common limitations are low
security, low controllability, and low privacy when many
users are trying to control the same load. Hence, there is a
need to create a novel switch which will give one or more
of the users full control over a certain electrical load or
circuit. To do so, this paper proposes a fully controllable
rotary switch (FCRS) in which it gives single or many
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users partial or full control over circuits and other
switches. Thus, all the mentioned issues are solved, and
one user is able to block others from controlling the
electrical load, which is not the case of any other
conventional switch. The FCRS is a rotary switch that has
one pole and many throws (in one or many decks or
layers) connected in complicated configurations to give
the user full control of the electrical load and to block
other users from controlling it even if many switches are a
part of the same circuit. The FCRS has many advantages
over the traditional switches, such as (a) increasing the
security and privacy of the user by fully controlling the
circuit even if other switches exist in the same circuit; (b)
the user can give limited or no access to other users; (c)
reducing the installation cost by avoiding the installation
of protection devices such as disconnecting switches, and
reducing the installation of additional switches. For
validation purposes, FCRS is compared to other existing
switches. Results show that installing FCRS in buildings
can increase the performance of the user since it can give
him full access over the load and also give him a range of
priorities that he can choose. In conclusion, FCRS shows
many advantages over the traditional switches and needs
further investigations in other fields.
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ABSTRACT. The aim of the present work was to the preparation of biodiesel from sunflower oil and ethanol by the
transesterification reaction in the presence of the KOH. The conversion was 88% at using a 1:3 molar ratio of oil to alcohol
at 75°C. Important fuel physical properties of B10 blend with (or without) oxygenated additivities by the ASTM standards
had been investigated. Based on the obtained results is noted that the fuel blend B10 with (or without) additivities has

greater potentials for diesel engines than, B100 and fossil diesel.
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1. INTRODUCTION

Today there are serious environmental problems on Earth,
such as the depletion of the ozone layer, the formation of
acid rain, the accumulation of toxic chemicals in the upper
atmosphere, the greenhouse effect and so on, which their
formation have a significant role an automobile park of the
world. Another problem is the exhaustion of petroleum,
natural gas, etc. resources [1-4].

The development of new types of alternative biofuels
sources is an actual problem of the modern world.
Potential advantages of alternative biofuels for internal
combustion engines are low emissions, longer engine life
due to better lubrication, biological decomposition, high
octane-cetane number, etc. In addition, biofuels do not
emit toxic substances that cause environmental problems
due to the absence of aromatic, nitrogen and sulfur
compounds. One of the alternative types of fuel is
biodiesel for diesel engines [5-8].

Alkaline catalytic systems are used in biodiesel industry,
which leads to the formation of foam during cleaning, the
formation of wastewater as a result of excessive washing.
The choosing of the new catalytic systems is still relevant
today in the production of biodiesel [9-12].

Besides indicated, the choosing of the new renewable raw
materials sources also is a topical issue in the biodiesel
industry [13].

*
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2. MATERIALS AND METHODS

All the chemicals for the synthesis of glycerol ketal were
obtained from commercial sources (Aldrich) and used as
received.

Samples of diesel fuel, sunflower and pine oil were
purchased at a fuel station and markets in Baku,
Azerbaijan. The B10 blends with (or without) oxygenated
additivities were prepared by mixing diesel and biodiesel
(Figure 1, 2).

NMR experiments have been performed on a BRUKER
FT NMR spectrometer (UltraShieldTM  Magnet)
AVANCE 300 (300.130 MHz for *H and 75.468 MHz for
3C) with a BVT 3200 variable temperature unit in 5 mm
sample tubes using Bruker Standard software (TopSpin
3.1). The 'H and **C chemical shifts were referenced to
internal tetramethylsilane (TMS); the experimental para-
meters for 'H: digital resolution = 0.23 Hz, SWH = 7530
Hz, TD = 32 K, SI = 16 K, 90° pulse-length = 10 ps, PL1
=3dB, ns-= 1, ds= 0, d1 =1 s; for *C: digital resolution =
0.27 Hz, SWH = 17985 Hz, TD = 64 K, SI = 32 K, 90°
pulse-length = 9 ps, PL1 = 1.5 dB, ns= 100, ds= 2, d1=3
s. NMR-grade acetone-ds and CDCl; were used for the
analysis of glycerol ketal and fuel blends.

The purity of the synthesized compounds was confirmed
by thin-layer chromatography (TLC) on commercial
aluminum-backed plates of silica gel (60 F254), iodine
vapor was used as a visualizing agent, eluent- 5:2
hexane/ethyl acetate.
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Fig. 2. The prepared fuel blends

2.1. The procedure for preparation of biodiesel
Sunflower biodiesel (B100) was obtained by dissolving
0.69 g KOH in 37.5 ml of ethanol (C,HsOH) without
heating (at room temperature). After complete dissolution,
50 g of oil was added to this mixture. The reaction was
carried out in a conical flask equipped with a reverse
refrigerator and magnetic stirrer for 7 hours at 75 °C
(rotation speed was maintained at 1000 rpm). After
stirring, the reaction mass was aged for at least 12 hours in
dividing funnel. The reaction mass was divided into 2
layers using a dividing funnel: the upper layer contained
biodiesel, the lower layer-glycerine. Untreated biodiesel
was repeatedly washed with water in order to remove
catalysts. The conversion rate was 88% when using the
molar ratio of oil to ethanol 1:3 (Figure 3).
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Fig. 3. The preparation of the biodiesel

Biodiesel synthesized from sunflower oil and its blends
were characterized in accordance with the American
Standard of Testing and Materials (ASTM) methods.

2.2. The procedure for preparation of glycerol ketal (GK)
A mixture of 25 g of pure glycerol, 100 ml of
cyclopentanone, 0.75 g of p-toluenesulfonic acid (PTSA)
was placed in a 500 ml conic flask fitted a reflux
condenser and magnetic stirrer. The reaction mixture was
stirred under 100°C for 5 working days. After the
completion of the reaction mixture was neutralized with
0.5 g sodium acetate. In the next stage filtration and
evaporation of the acetone had been carried out. The ketal
was obtained by vacuum distillation, yield 96%.

0H

OH

3. RESULT AND DISCUSSION

In our previous work [12] about the preparation of
methanol biodiesel catalyzed by new ionic liquid system
had been informed. Reporting work devoted to the
preparation of ethanol biodiesel from the sunflower oil by
the transesterification reaction in the presence of the KOH
and testing of different fuel blends with the glycerol ketal
and pine oil additivities.

The used feedstock sunflower physicochemical properties
are shown in Table 1.

As known from the literature oxygenated compounds,
such as glycerol ketals, pine oil (PO), etc. can be used as a
fuel additive to reduce particulate emission and to improve
the cold flow properties of liquid transportation fuels. It
helps to reduce gum formation, improves oxidation
stability, etc. [14, 15].

cyclopenfanone

i

[961%
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Table 1 Major fatty acids and physical properties of the
refined sunflower oil

Fatty acid composition 16:0 18:0 18:1 18:2
0,
(Wt.%) 3.5- 13- 1443 44-74
7.6 6.5
Acid value (mg of KOH/qg) 0.28+0.5
Saponification value (mg 193.340.5
KOH/qg)
lodine value (g I, per 100 g) 121.4+0.5
Viscosity (cP) 34.1+0.5
Flash point (°C) 265
Pour point (°C) +12
Density (g/cm®) 0.9186

Energy, Environment and Storage (2022) 02-01-11:14

Considering the above indicated, the properties B10 blend
(based on ethanol) in presence of cyclopentanone ketal
and pine oil were studied. Pine oil can be regarded as one
of the less viscous fuels in the likes of ethanol, methanol
and consists of mainly cyclic terpene alcohols, known as
terpineol (CyH1g0) along with alpha-pinene (CyoH1g).

The physical properties of the diesel, sunflower biodiesel
(B100), B10 blends with (or without) oxygenated
additivities were investigated and the results are shown in
Table 2, 3.

Table 2 The physical properties of B100, B10 and diesel fuels

Properties ASTM ASTM diesel B10 B100
Methods diesel biodiesel

Relative density at 20°C, g/cm® D1298 0.8-0.84 0.86-0.9 0.837 0.85 0.88
Viscosity at 40°C, mm?/s, min-max. D445 2-5 3.5-5.0 3.44 34 4.6
Flash point, °C, min. D93 65 >120 70 110 180
Cloud point (°C) D2500 -12 <20 7 5 15
Pour point (°C) D2500 -15 <15 0 -10 3
lodine value g (1,)/100 g - 60-135 <120 1.58 46.6 112.5
Sulfur, ppm, max. D 975-14 15 15 50 35 0
Water and sediment, vol%, max. D 975-14 0.05 0.05 0 0 0
Copper corrosion, 3 hr at 50°C, max. D 975-14 No3 Neo3 No2 Nel Nel
Cetane number, min. D 975-14 40 47 53 52.3 48.3

Table 3 The physical properties of the B10 with the GK and PO

Properties B10 B10+PO B10+GK B10+GK (2.5%) and PO
(5%) (5%0) (2.5%)

Relative density at 20°C, g/cm3 0.88 0.85 0.86 0.86
Viscosity at 40°C, mm?/s, min-max. 4.6 3.7 3.4 3.5
Flash point, °C, min. 110 110 105 105
Pour point (°C) 15 -4 -4 -4

Cloud point (°C) 3 -14 -18 -19
lodine value g (1,)/100 g 1125 47.3 455 47.7
Sulfur, ppm, max. 35 34 34 34

Water and sediment, vol%, max. 0 0 0 0

Copper corrosion, 3 hr at 50°C, max. Nel Nel Nel Nel

As seen from the tables 2, 3 density decreased for the 5% oxygenated compounds in the blends. The

B10+PO, B10+GK and B10+GK+PO blends. According
to the dependence between the density and kinematic
viscosity also significantly decreases in the presence of
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significantly decreasing of the viscosity to positive
influences on the flow and sprays characteristics in the
engine.
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The flash points are decreased for the biodiesel blends
than pure biodiesel (B100). The cloud and pour points of
the B10 are increased, but the presence of GK and PO are
significantly decreased for the B10+PO, B10+GK and
B10+GK+PO blends.

The amount of sulfur significantly was decreased as the
percentage of biodiesel, cyclic ketal and pine oil in blends
from the 50 up to 34 ppm, which is very important for the
environment and human health. As shown in our
experimental results, water and sediment, also copper
corrosion parameters are excellent.

The density, viscosity, flash-, pour-, cloud points, copper
corrosion and etc. properties of investigated fuel blends
are according to the diesel fuel standard and suggested
blends can be used in diesel engines without any
problems.

4. CONCLUSION

The properties of diesel, B100, B10 blends with (or
without) glycerol ketal and pine oil were investigated on
the ASTM standards.

Obtained results have demonstrated improvements of the
important physical properties- such as density, viscosity,
amount of sulfur, copper corrosion, flash-, pour- and cloud
points for B10 fuel with (and without) oxygenated
compounds.

An interesting aspect of the presented work is that this
research was conducted for the first time on ethanol
biodiesel.

Summarized the obtained data, we can note that the fuel
blend B10 with (or without) oxygenated compounds have
greater potentials for diesel engines than pure biodiesel
(B100) and commercial diesel fuel.
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ABSTRACT. Autonomous systems are widely used in missions that require continuity and high attention. The most
important of these is the control of borders, which is a national security problem. It is done with PTZ (Pan Tilt Zoom)
cameras located in the watch towers of the country's land borders, moving objects (human, vehicle, etc.) can be detected
and this data is analyzed and converted into information in the relevant unit. In countries with very large land borders,
installing such watchtowers would result in very high costs. Instead, this can be achieved with low-cost, low-altitude rotary
wing aircraft. In this study, a system that can perform target detection and tracking is implemented thanks to the rotary
wing aircraft that can perform this task and the imaging system it has on it.

Keywords: Rotary Wing Aircraft, Image processing, Target Detection and Tracking, Unmanned Aerial Vehicle System
Article History: Received:28.09.2021; Revised: 11.11.2021; Accepted:15.11.2021; Availableonline: 22.11.2021

Doi: https://doi.org/10.52924/ZURR2598

1. INTRODUCTION

By sensing the signals sent from the ground control
station, the unmanned aerial vehicle enables it to guide
and cruise in the air by changing the control surfaces in
fixed-wing aircraft and rotor rotation speeds in rotary-
wing aircraft. Another method is to load the previously
specified task on the aircraft to the flight computer and
navigate by generating signals to the relevant actuators by
using the data it receives from the sensors it has on it [1].
Unmanned aerial vehicles are used for tasks such as
search, rescue and surveillance in order not to put the
human element at risk, in environments that require
continuity, where terrorist elements are intense and
chemical wastes are present, thanks to the useful loads
they carry. An aircraft is an unmanned aerial vehicle
system with its ground control station and its payload [2].
Unmanned aerial vehicles are used to increase agricultural
productivity thanks to their cruising speed and ability to
move independently from the ground. By placing the
image processing feature on aircraft, real-time data
analysis and transfer are realized, and studies are carried
out to increase agricultural spraying and productivity [3].
High-altitude and long-range unmanned aerial vehicles
used to provide border security are costly [4].
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In this study, the unmanned aerial vehicle system
developed for border security needs a more affordable
budget, which makes the project advantageous. More than
one aircraft in a given region can be commanded from a
single ground control station. In this way, it is desired that
more than one rotary wing, low-cost aircraft alternately
scan and control the region, which will perform the task of
the aircraft, which can cruise at high altitudes and observe
the wider region. Thanks to the sensors it has on the
aircraft, it will be able to instantly transmit battery
information, flight time and location information to the
ground unit, and will return to its base for the resupply
process in order to be able to operate again. Thanks to the
set containing more than one aircraft, it will be able to
perform uninterrupted zone control.
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Altitude
500 meters

AGL

Fig. 1. Unmanned Aerial Vehicle Imaging System

2. MATERIALS AND METHODS

Unmanned aerial vehicles are classified according to their
weight. Aircrafts weighing between 500-4000 gr are
classified as UAV 0 category. Aircraft weighing between
4 and 25 kg are classified in the UAV 1 category.
Aircrafts weighing between 25 and 150 kg are classified in
the UAV 2 category. Aircraft with a weight of 150 kg or
more are classified in the UAV 3 category [5]. In this
study, the necessary programs for the control and analysis
of movements with a quadrotor unmanned aerial vehicle,
gimbal and ground control station were used. Quadrotor
aircraft has advantages over other configurations in terms
of ease of manufacture and maintenance.

Unmanned aerial vehicles can provide remote observation
and intervention in cases where nuclear wastes are
accessible so that people are not harmed in risky
situations, to examine the situation of the fire during a fire
and to perform the response more effectively. The increase
in the world population increases the need for food.
Efficiency needs to be increased in order to meet this
need. For this, the costly spraying process should be done
at a sufficient level, both the spraying costs can be reduced
and the damage to the plants can be prevented. The most
appropriate form of application can be achieved by adding
the image processing capability to ensure that the drugs
are applied to the most suitable parts, and it can be applied
much faster than the manpower to apply. To achieve these,
unmanned aerial vehicles are used. Rotary wing aircraft
are suitable for this work. Thanks to its ability to hang in
the air during spraying and imaging, a more effective task
can be performed in the task area. In this study, the
detection and tracking of moving objects from 500 meters
altitude is carried out. Thanks to the electro-optical camera
and thermal camera on the aircraft, target detection is
performed at low altitude, day or night. The movement in
the image is selected instantaneously and this data is
transmitted to the aircraft's guidance unit. The data
processed here is processed by the controller and
transmitted to the actuators and rotors, and the aircraft can
create and follow a flight path to follow these objects. The
control system diagram that enables these processes to
take place is shown in figure 2.
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Fig. 2. Guidance, Navigation and Control Systems

The guidance system provides the orientation of the
aircraft. It moves the airspace by creating the flight route
and waypoints. While doing this, it also uses the data it
receives from navigation and sensors [6]. In this way,
flight safety is ensured and errors that may occur during
navigation and tracking are reduced. It can move without
the need for any direction command from the ground
control station. At the same time, the imaging system
modulates the image data to radio waves and transmits it
to the antenna, thanks to the image transmission unit
(Transmitter) on the aircraft. By means of the receiver unit
on the ground, the operator on the ground can instantly
follow this image from the ground and a warning can be
sent to the relevant units.

2.1 Rotary Wing Aircraft Design

The principle of generating lift of rotary-wing aircraft,
unlike fixed-wing aircraft, is achieved by positioning the
rotors in a vertical position and rotating the propeller in a
horizontal position. Multirotor aircraft, in order to zero the
torque around the z-axis, as in helicopters, allows more
than one rotor to rotate in different directions instead of
the tail rotor, and the drag force and the torques created to
balance each other and steer to their route. A controller is
needed to control unstable rotary wing aircraft [7]. The
reference signal enters the controller, the desired route is
calculated and the rotational speeds of the rotors are
determined. Since the rotation speeds of the rotors are
controlled by the computer, the rotor configuration
information must be introduced to the system and
mounted accordingly. There are 2 types of configurations
in quadrotor aircraft. These are given in Fig. 3 and 4.

fORWARD

(WY
WANY )

M1

M3 (CW) M4 (CW)

<
Y

NP PR,
W2 (COW )

Fig.3. Quadcopter + Configuration
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FORWARD
XA
M3 (CW) M1 (CCW)
Y
M2 (CCW) M4 (CW )

Fig. 4. Quadcopter X Configuration

Quadrotor aircraft consists of control board, ESC, engine
and propellers. It is important that the propeller, motor and
ESCs are chosen as equivalent, that the forces generated
are the same, and that the responses to the signals are the
same. In X configuration quadrotor aircraft, increasing the
rotation speed of the rotors on the right causes the aircraft
to lean to the left, that is, to perform a rolling motion. The
faster rotation of the rear rotors according to the selected
head position causes the air arc to move forward, that is, to
make a pitching motion. It achieves this with a
combination of rotation and linear motion around the axes
according to the axis set placed in the center of gravity of
the aircraft [8][12].

Fig.5. Isometric View of Quadcopter

Table 1 Quadcopter General Features

Wide 400 mm

Length 400 mm

Weight 3 kg

Flight Speed 75 km/h

Altitude 1500 feet

Flight Time 30 minutes

Payload Sony 30X Electro-optic
Cost 20.000,00 TL

Unmanned aerial vehicles are equipped with payloads
according to their purpose. In this study, target detection
and tracking will be performed, so it is a payload camera
system. Camera system; It consists of camera, image
transmitter, antenna and 3 axis gimbal carrying them.
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gimbal; Independent of the aircraft, the camera performs
pan-tilt-yaw movements around the axes of the axis set
placed at the center of gravity. In this way, the aircraft can
perform target tracking while suspended in the air within
certain limits. In order to do this, a controller that can
control the BLDCs on the axes is needed. Thanks to
Alexmos and IMUs, which are very popular controllers in
this regard, the aircraft can lock onto the target even while
it is moving, and transmit this information to the flight
controller.

2.2 Image processing

Image processing is a set of operations that allow us to
extract meaningful expressions from the image we have.
These operations are performed by means of mathematical
operations to be performed on the pixels that make up the
image. After the image is obtained, an algorithm is
designed according to the task to be done, and the image
passes through these stages and fulfills the desired task.
Any object can be detected and tracked on the image by
using the necessary methods and algorithms according to
the object to be detected. For example, in many countries
abroad, the detection of criminals is carried out by this
method. Any person can be detected through the images
taken from the existing camera setups. Apart from this, it
is also used in the traffic area. It can count the vehicles in
the traffic and the speed of the vehicles can be measured.
In this way, situations such as traffic density or excessive
speed can be detected and necessary notifications can be
made to the center. The quadcopter creates control
commands to the aircraft with the help of the
microcomputer and software, and the guidance system
uses these commands to create a new route [10].

The stages of the signals that will be processed by the
image obtained from the imaging system on the quadrotor
and sent to the rotors by the controller are given in fig. 7.

Request
Cotnmands -

Fig.7. Image Processing Control System

Process Image

Generate
Commands

II
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The real-time images obtained are processed and
compared with other sensors and previous data, as given
in the flow in Figure 2, target detection and tracking is
performed. Thanks to the data received from the
navigation and sensors, the problems caused by image
processing can be tolerated. In this way, the flight route to
be created by the guidance system will prevent accidents.

Image processing method; It is defined as the application
of digitally changing a picture taken with computer and
software support. While image processing applications
were initially used for military and security purposes,
today they also serve sustainable and sensitive agriculture
[10]. Three basic steps are important for the realization of
image processing. The first of these is the conversion of
the obtained image to digital format. The second step is to
convert the obtained image to the desired format and edit
it. The third and last step is to obtain results from the
image by performing the necessary analysis. In order for
an image to be processed digitally, first of all, data
libraries must be created and transferred to the digital
environment without any problems. After the existing data
libraries have been created, it is time to process the
selected images. Three different processing techniques are
used for these.

The first of these is the histogram process, which is
referred to as the white-gray balance. The aim here is to
determine the shape in the image by using the white-gray
balance in the digital image. In the second method, image
filtering is used. In image filtering, it is aimed to use and
process the desired part of the digital image by dividing it
into grids. Thirdly, it is the definition of the digital image
by using the RGB(red green blue) values based on the
basic color model.

After choosing the right processing method, the selection
of an ideal processing program (such as Matlab, phyton)
and the processing of the data are carried out. The data
obtained after processing needs to be interpreted and used.
The data obtained with the technological developments are
not only checked later, but can also be used with instant
evaluations (real time) [11].

Estimated/desired
trajectory

Controller

image
processing

H=400 metre

Fig.8. Vision-based tracking approach.
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3. CONCLUSION

In this study, it is aimed to examine the studies on image
recognition technology to design and implement the
autonomous control system of the rotary wing aircraft and
to prepare the academic ground for the aircraft developed
for security to be used at the borders. The data obtained
from the researches can be sent to the aircraft with the
integrated camera system and image processing computer
on the aircraft, and the ability to follow the target tracking
can be gained thanks to the instant data received from
other sensors and GPS. In this way, the long border line
can be controlled without interruption by using more than
one rotary wing aircraft.

In the next study, the necessary algorithm for the designed
aircraft will be simulated in the MATLAB environment,
and target detection, tracking and uninterrupted control of
a certain region will be realized with the software
obtained. Any object can be detected and tracked on the
image by using the necessary methods and algorithms
according to the object to be detected. For example, in
many countries abroad, the detection of criminals is
carried out by this method [13]. Any person can be
detected through the images taken from the existing
camera setups. Apart from this, it is also used in the traffic
area. It can count the vehicles in the traffic and the speed
of the vehicles can be measured. In this way, situations
such as traffic density or excessive speed can be detected
and necessary notifications can be made to the center.

REFERENCES

[1] K. Nonami, F. Kendoul, S. Suzuki, W. Wang, D.
Nakazawa.(2010) Autonomous Flying Robots. Springer
Tokyo Dordrecht Heidelberg London New York

[2] Austin, R.(2010). Unmanned Awrcraft Systems Uavs
Design, Development And Deployment. John Wiley &
Sons Ltd, The Atrium, Southern Gate, Chichester, West
Sussex, PO19 8SQ, United Kingdom

[3] Sin,B., Kadioglu,i. (2019). Insansiz Hava Aract (IHA)

ve Goriintii Isleme Teknikleri Kullamilarak Yabanci Ot
Tespitinin Yapumasi. Turkish Journal of Weed Science
20(2):2019:211-217

[4] Valerdi, R. (2005). Cost Metrics for Unmanned Aerial
Vehicles. September 2005, DOI: 10.2514/6.2005-7102

[5]1 SHGM. (2019). [nsansiz Hava Aract Sistemleri
Talimati (Sht-Tha)

[6] Oktay, T, Ozen, E. (2021). Kapali Ortamlarda Arama
Kurtarma Gorevi Icin Gelistirilen Sekil Degistirebilen
Quadcopterin Sistem Modellemesi ve Tasarumi. MAS 14th
International European Conference On Mathematics,
Engineering, Natural&Medical Sciences March 26-28,
2021/Széchenyi Istvan University HUNGARY

[7] Robert C. Leishman, John Macdonald, Randal W.
Beard, Timothy W. McLain.(2014) Quadrotors &
Accelerometers State Estimation with an Improved
Dynamic Model. IEEE Control Systems Magazine.
February



Oktay and Ozen

[8] O. Kose and T. Oktay, (2019) "Dynamic Modeling

and Simulation of Quadrotor for Different Flight
Conditions," European Journal of Science and
Technology, no. 15, pp. 132-142.

[9] Agin O., Malash Z. (2016). Goriinti isleme

tekniklerinin siirdiiriilebilir tarimdaki yeri ve Onemi:
iteratiir caligmasi. Tarim Makinalar1 Bilimi Dergisi. 2016,
12 (3), 199-206.

[10] He L., Yangiu N., Zhengzheng L. and Xiang F.
(2016). Quadcopter autonomous control system based on
image recognition. 2016 12th World Congress on
Intelligent Control and Automation (WCICA) June 12-15,
2016, Guilin, China

19

Energy, Environment and Storage (2021) 02-01:15-19

[11] Sin B., Kadioglu I., Sart T. (2019). Detection and
identification of weed by image processing techniques.
BIALIC, 7-8 Novamber 2019, s. 40, Lviv Ukraine.

[12] Kose,0., Oktay,T.(2021) [Inovatif Yontemlerle
Kuadkopter Modellenmesi, Kontrolii Ve Ger¢ek Zamanh
Uygulamalari. Doktora Tezi, Erciyes Universitesi, Fen
Bilimleri Enstitiisii, KAYSERI, 2021

[13] Laghari A., Asif R. (2017). Image Processing Based
Proposed Drone for Detecting and Controlling Street
Crimes. 2017 17th IEEE International Conference on
Communication Technology



Research Article Energy, Environment and Storage (2021) 02-01:20-33

" ENERGY, ENVIRONMENT

STORAGE
AN INTERNATIONAL JOURNAL

Energy, Environment and Storage

Journal Homepage: www.enenstrg.com

Novel Optimal Perennial Calendar Systems vs Gregorian Calendar and
Their Impact on the Energy Demand and the Environment

Claude Ziad El-Bayeh ", Mohamed Zellagui?, Brahim Brahmi®

'Canada Excellence Research Chair Team, Concordia University, Canada, ORCID: 0000-0002-8268-8878

% Department of Electrical Engineering, Faculty of Technology, University of Batna, Fesdis, 05078, Batna, Algeria,
ORCID: 0000-0003-2558-2273

® Electrical and Computer Engineering Department, Miami University, Oxford, USA, ORCID: 0000-0002-4486-0710

ABSTRACT. Have you ever missed an event because you were confused about days and dates? Do you remember the date of
any specific day without looking at the calendar? Is the current Gregorian Calendar efficient enough for usage, and does it
facilitate our life or make it more complicated? Have you ever thought about a simpler way to calculate days and dates in a
year without using a calendar? All these questions are answered in this paper, in which authors propose two contributions, (a) a
new mathematical formula that calculates the number of days in any month in the Gregorian calendar for any year, including
the leap years, (b) an original optimization method that creates optimal perennial calendars. Results show that there is more
than one way to create a perennial calendar using the proposed optimization model, in which the number of days in each month
does not change, neither the dates. Hence, all months have the same sequence of days and dates. In other meaning, Monday
becomes the first day of every month, and Sunday becomes the last day. Consequently, the calendars become much easier to
memorize, and it becomes simpler to predict the days and dates in any year. In addition, the proposed optimal perennial
calendar system reduces the energy demand and pollution worldwide, in which it has less impact on the environment and
climate change compared to the Gregorian calendar. This is due to the fact that less printed-out calendars are produced, and
less time is spent on the digital calendars to check the dates and days.
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NOMENCLATURE Pope Gregory XllI on October 15, and was later adopted
worldwide [11]. In the Gregorian calendar, a year is
composed of 12 months. Each month has a different number
of days. For example, January has 31 days, February has 28
days, and 29 in a leap year, April has 30 days, and so on.
One of the main critics of the Gregorian calendar is that it is
PC gi??r?nial Calendar very difficult to find a simple relationship between dates and

days [12]. Sometimes, the dates become confusing
especially when a particular day like Monday, is the first
day in a month, and the second or even the seventh in

GC Gregorian Calendar

IFC International Fixed Calendar

JC Julian Calendar

OPC  Optimal Perennial Calendar (Proposed in this

1. INTRODUCTION

1.1 Background and motivation another month; sometimes holidays which are on a specific
From the early beginning of human civilizations, people date, such as December 24, could be located during the
realized the importance of organizing their daily life [1]. weekdays (e.g., Tuesday 24, 2019), while it can be in
Many cultures created their calendars and dating systems weekends in another year (e.g., Saturday 24, 2022). Hence,
that helped them to save religious and social activities and calculating days and dates is a difficult task, because of the
events [1]. The most recognized calendars in the ancient irregularities in the Gregorian calendar. It appears that the
time include but are not limited to, Roman calendar [2], [3], existing calendar system becomes a little bit confusing for
Sumerian calendars [4], [5], Babylonian calendar [6], most of the people, and a much simpler calendar is needed.
Zoroastrian calendar [7], Hebrew calendar [8], Hellenic In addition, billions of calendars are printed every year
calendars [9] and Julian calendar [10]. In the late sixteenth worldwide, in which millions of trees are used every year to
century, the Gregorian calendar (GC) was introduced by supply the demand. The emission of CO2, the pollution, the
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waste, and the energy used to print out Gregorian calendar
cannot be neglected especially when around billions of
calendars are thrown every year. Therefore, Gregorian
calendar imposes negative impact on the society, the
economy, and the environment, in which a solution should
be proposed to facilitate the life of people and create a more
sustainable and greener society.

Some questions may arise. What happens if we create a
more organized calendar in which the days and dates in a
month do not change? For example, Monday will always be
the first day of any month. The holidays will have the same
dates and days in any vyear, including leap years. For
example, December 24, will always be on Wednesday,
whatever is the year. Can we create an eco-friendly
calendar, which is very easy to memorize without printing a
hard copy to reduce pollution? Moreover, human beings
always tend to develop and invent new things every day in
order to facilitate their lives. So why do we not develop an
easier way to count days, weeks, and months in a year?

1.2 Gregorian vs. Julian Calendars
A year is the time a given celestial object (e.g., Earth, Mars,
etc.) takes to complete one orbit around another celestial
object (e.g., Sun), also called the orbital period. However,
astronomical years do not have integer numbers of days; for
example, the Earth orbits the Sun in about 365.2425 days;
therefore, it is necessary to introduce the intercalation
system such as leap years. Julian and Gregorian calendars
are the most common ones these days. A Julian calendar
counts 365.25 days in a year, while 365.2425 days are
considered in the Gregorian calendar. In total, a leap year
occurs every four years in the Julian calendar, in which one
day is added to the month of February. The Gregorian
calendar follows almost the same concept; however, some
new rules were added to reduce the gap with the reference
(365.2422 days per year). These new rules are cited as
follows:

“Every year that is exactly divisible by four is a leap

year, except for years that are exactly divisible by 100,

but these centurial years are leap years if they are

exactly divisible by 400. For example, the years 1700,

1800, and 1900 are not leap years, but the years 1600

and 2000 are [13].”
These new rules reduce the error by 1.2 days every 4,000
years, as shown in Table 1, while the Julian calendar shows
an error of 31.2 days. From this place, the Gregorian
calendar was adopted until this time.

Table 1. Accuracy comparison between Julian calendar and
Gregorian calendar over a period of 4000 years.
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Uulian 365.25 | 1,461 | 146,100 | 1,461,000 | 3.12 | 31.2
Gregorian |365.2425| 1,460.97 | 146,097 | 1,460,970 | 0.12 | 1.2
Reference |365.2422]1460.9688]146096.88]1,460,968.8] - -
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1.3 International Fixed Calendar

The Gregorian calendar has serious problems and flaws. The
main problem of the Gregorian calendar is that the number
of days in months is not fixed, and it may vary between 28
and 31 days per month. Moreover, a month can start on
Monday (June 1, 2020) and the next one on Wednesday
(July 1, 2020). Therefore, there is no consistency between
days and dates. The date of February 29 occurs every four
years, which seems unpleasant to some people. Moreover, a
year is divided into four quarters (3 months each quarter). If
the number of days is counted in each quarter, it appears
that the first quarter has 90 days, the second one has 91
days, and the third and fourth one has 92 days. The quarters
are not symmetrically distributed. Therefore, two additional
working days in a quarter can make a difference in the
statistics for a big company. In addition, holidays are not
stable during the year. For example, Christmas on
December 24 is on Thursday in 2020, while it is on
Saturday in 2022.

In conclusion, the Gregorian calendar is difficult to handle
and memorize. To solve the problem, other sophisticated
calendars were proposed to facilitate our lives. The most
famous calendar is called International Fixed Calendar
(IFC) and also called Cotsworth calendar, which was
introduced by Moses Cotsworth in 1902 [14]. The calendar
divides the solar year into 13 months of 28 days each. This
kind of calendar is defined as a perennial calendar, in which
every weekday has a fixed date every year. The IFC has
some rules to follow, as described below [14]:

e One year has 13 months,

e Each month has exactly 4 weeks,

e Each week has 7 days. Therefore, the total number of
days in a year becomes equal to 364 (7 days x 4 weeks
x 13 months),

e An extra day is added as a holiday at the end of the
year, and it is called Year Day,

e The Year Day does not belong to any week. Therefore,
the total number of days, including the Year day in a
year, becomes equal to 365 days,

e The Cotsworth calendar is correlated to the Gregorian
calendar in which it has the same number of days, and
each year starts on the same date, which is January 1,

o Cotsworth calendar has the same month's names and
order as the Gregorian calendar, except the extra
month (called Sol), which is inserted between June and
July [15],

e A leap year has 366 days, and its occurrence follows
the Gregorian rules,

e The Leap-Day is inserted on June 29 (between
Saturday, June 28, and Sunday, Sol 1),

e Each month starts on a Sunday and ends on a Saturday,

e Both Year-Day and Leap-Day do not belong to any
week. They are preceded and followed by a Saturday
and a Sunday, respectively.
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Table 2 presents the IFC, in which the Leap-Day and the
Year-Day are added to the end of months June and
December. Despite the success of this calendar, it received
many critics, and it has some drawbacks. The most common
critics can be presented as follows:

a. The calendar claimed to have exactly 28 days in each
month. However, when the leap day is added, June
month will contain 29 days and not 28. The same for
the leap year, in which it is added to the month of
December. Hence, the total number of days becomes
equal to 29.

b. The calendar has 13 months, which is a prime
number and cannot be divided by 2, nor by 3, neither
by 4. Therefore, it becomes difficult to categorize
activities based on a biannually, triannually, or
quarterly basis. Thus, activities will be out of
alignment with months.

c. The week starts with a Sunday. Hence, the calendar
disagrees with 1SO 8601, in which the first day is
Monday and not Sunday.

d. Adding a day between Saturday and Sunday is
considered confusing, especially when leap-day and
year-day are added to the month of June and
December.

e. Some people are pessimistic about the date Friday
13th.

f. The weekday starts on the second of each month and
not on the first.

Table 2. International Fixed Calendar.

International Fixed Calendar
Proposed by Moses Cotsworth in 1908
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1.4 Does the Gregorian calendar have an impact on the
environment and energy demand?

There has been a high awareness of global warming and
climate change in recent years, where the average global
atmosphere temperature has exceeded 1.2°C above the pre-
industrial level. Many countries and regions have started to
shift from fossil fuel-based power plants to renewable
energy-based power plants in order to reduce the Carbon
footprint and the emission of CO, and other harmful gases
[16, 17].

Fossil fuel-based power production is not the only cause of
global warming and climate change. Inadequate
consumption, excess of unnecessary production, and bad
waste management also play an important role in increasing
pollution and negatively affecting the whole planet [17, 18].
In addition, the competition between countries to increase
their economic growth has also a huge impact on the Carbon
footprint and the emission of harmful gases, which threaten
the whole life on Earth [19]. From this place, any kind of
production, whether it is energy or material, has a direct
impact on the environment and climate change. More
specifically, the excessive production of Gregorian
calendars every year is energy-consuming and polluting at
the same time since the whole process of production and
distribution of the products consumes lots of energy and
primary materials. According to The New York Times [20],
the average number of printed calendars in households was
3.12 in 2011 compared to 3.98 in 1981 in the United States.
Most of the countries still rely heavily on paper-based
calendars.

With the advancement of technologies, digital calendars are
presented everywhere, such as on smartphones, smart
televisions, smartwatches, computers, laptops, etc. Even
with the usage of these digital calendars, the time spent on
surfing the calendars and looking for days and dates is
considerably high. If the time used on such devices to check
the calendar is summed up during a year for the whole
world, the energy wasted is high enough to power a
complete village for a complete year.

According to [21], and according to the standards ISO
14040/14044, the average carbon footprint of an office
paper during its lifecycle is around 4.64gC0O.eq per A4
sheet. In this case, the weight of the sheet will be around
80g/m2. Therefore, a paper-based calendar which
approximately has (200 A4 sheets or 400 A5 sheets) can
produce about 928 gCO,eq (or 0.928 kgCO,eq).

Based on a survey released by a leading calendar
communications platform in Australia in 2018, ECAL [22],
47% of participants rely on mobile calendars, 23.4% rely on
a desktop calendar, 27.8% rely on paper calendars
(including diary, journal, and planner), while 1.8% used
other scheduling tools, as presented in Figure 1.
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Tools used to manage daily schedules in Australia in

2018
Other tools
0
Paper (1.8%)
calendar

(27.8% Mobile

(47%)

Deskto

calendar
(23 4%
Figure 1. Tools used to manage daily schedules in Australia, 2018.

If these percentages are generalized on the total population
on Earth (7.9 billion in 2021), just for approximation. It can
be found that the number of produced paper-based calendars
in a single year reaches about 2.2 billion paper-based
calendars per year. Since the Carbon footprint of one paper-
based calendar is about 0.928 kgCO,eq, producing only
paper-based calendars per year will be about 2.04 Mt CO.,eq
(Mega tonne), which is a considerable amount. A more
detailed calculation will be provided in this paper in the
result section.

1.5 Contributions
The main contributions in this paper are stated as follows:

e A new mathematical formula is developed to describe
the number of days in any month for any year
(including leap year) for the Gregorian calendar. This
formula eliminates the mistakes in counting the
number of days in any month,

e Original perennial calendar systems are proposed, in
which they respond to the critics mentioned in section
1.3 for the IFC. The proposed perennial calendar
systems have the same number of days in any months,
and the dates of days never change. For example,
Monday will be always the first day of a week, a
month and a year, and it will always have the same
date (such as 1¥ January, 1% February, 1% March, etc.),

e A perfect calendar is newly introduced and defined as
a calendar that can be divided into equal intervals
during a year (e.g., 2 “biannual”, 3 “triannual”, 4
“quarter”, 5 “quinnanual”, and 6 ‘“sexannual”), and
each interval has exactly the same number of weeks
and days.

e An original optimization algorithm that generates
perennial calendars is proposed. An objective function
and some constraints are defined for this purpose. The
algorithm is solved with Mixed Integer Genetic
Algorithm.

To validate our concept, one of the proposed perennial
calendar systems is compared to the Gregorian calendar and
the International Fixed Calendar, and different aspects are
considered in the comparison, such as technical, economic,

calendar
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environmental, individual, and social aspects. Moreover, a
deeper analysis is conducted to study their impact on energy
consumption, energy and production waste, and the carbon
footprint.

2. NEW MATHEMATICAL FORMULA DESCRIBES
THE NUMBER OF DAYS IN ANY MONTH

Gregorian calendar is an irregular calendar in which the
number of days is not the same for all months. Some months
have 30 days, and others have 31. The month of February
has 28 days, and a day is added in a leap year in which the
total number of days becomes equal to 29. Sometimes, it is
confusing for some people to remember the number of days
for each month, and even it becomes embarrassing for
others on social media to post wrong dates and days, such as
in Figure 2.

29 30
“+ & MONDAY 1

SUNDAY

e )
Figure 2. Wrong date and day on a weather forecast show.

There is a traditional way to calculate the number of days in
a month using the fist as in Figure 3. The knuckles of the
four fingers of one's hand and the spaces between them can
be used to remember the lengths of the months. By making
a fist, each month will be listed as one proceeds across the
hand. All months landing on a knuckle are 31 days long, and
those landing between them are 30 days long, with variable
February being the remembered exception. When the
knuckle of the index finger is reached (July), go over to the
first knuckle on the other fist, held next to the first (or go
back to the first knuckle), and continue with August. This
physical mnemonic has been taught to primary school
students for many decades, if not centuries [23].

an Apri N August September  October
arch ay June 31d 30 d 31 d
(31 days) \ 30 dm<) (31 da\<) (30(!\\5) CLdar O @1 ) November

July (30 d ay <)
/31 days)

tﬂ; ;

(31 d:l)'s)
Figure 3. Traditional method uses the fist to count the number of
days in a month.

February

(28/29 day: ﬁ)

January
(31 days)

Another method using the keyboard/piano is also popular, as
presented in Figure 4. The cyclical pattern of month lengths
matches the musical keyboard/piano alternation of wide
white keys (31 days) and narrow black keys (30 days). The
note F corresponds to January, and the diabolis in musica
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note F# corresponds to February, the exceptional 28-29 day
month.

April June
(30 days) (30 days)

Seprember November
(30 days) (30 days)

February
(28,/29 days)

December (31 days)

=
=]
—
(2B}
S
B
=
=
£

-

August (31

_

Figure 4. Traditional method uses the keyboard/piano to count the
number of days in a month.

The disadvantages of the traditional methods are, (i) they
are not based on mathematical proof, (ii) the number of days
of February is not determined since they don’t take into
account the leap year. Although with these disadvantages,
they are the simplest methods for counting the number of
days in a month and have been taught for hundreds of years.

In the literature, there are various methods to calculate the
day of the week for any particular date in the past or future
[24, 25]. These methods rely on algorithms to determine the
day of the week for any given date, including those based
solely on tables as found in perpetual calendars that require
no calculations to be performed by the user. A typical
application is to calculate the day of the week on which
someone was born or any other specific event occurred.
Even by using the Gauss calendar formula, there are some
parameters that should be predefined in order to calculate
the number of days in a month.

In this paper, a new mathematical formula is proposed that
calculates the number of days for each month even during a
leap year, as presented in Eq. (1).

cos(mm—1+U(m—8))) +1
_( 30+ - "
+recty,(m — 2)[recty,(Mod(y,4)) — 2]

Ndays

Where,

e N is the number of days in a month, i.e., 31 in January,
28 in February (in a non-leap year and 29 in a leap
year), etc.,

e m is the month number, e.g., m = 2 for February,

e U(x) is a unity step function defined in Eq. (2),

e rectr(x) is a rectangular function defined in Eq. (3),

e yistheyear,e.g.,y = 2021,

e Mod(number, divisor) returns the remainder after a
number is divided by a divisor. The result has the same
sign as the divisor. Number: is the number for which
you want to find the remainder, e.g, 2021. Divisor: is
the number by which you want to divide the number,
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e.g, 4. For example, Mod(1,4) =1, Mod(2,4) = 2,
Mod(4,4) = 0, etc.

lifm=>=8

le_8)=&Hfm<8 @)
(1 for — z <x< z
| 2 2

recty(x) = %for X = ig 3)

0 r >x > r

|0 for 5 >x>3

A step-by-step calculation is made in Table 3 to determine
the number of days in any month of a year, including the
leap year.

Table 3. Step by step calculation to determine the number of days

in any month.
- o
>| g o| o
£18s|- HEEEE
S HEHEEESERERE
S|E|=|<|=|3|3|<|8|0|z|a
Month (m) 1]23]4]5]6]7]8]9 101112
Number of days 31(28|31|30|31|30(31(31(30|31/|30|31
29
U(m—8) olofofofofololt|1]1[1]1
cos(m(m — 1 + U(m — 8))) MEIRERERREAER
lcos (m(m—1+U(m—8)))+1 1jof1(of1fof1f1f{oj1(0f1
2
30 4 LTI =N+T 3130[31/30|31(30[31(31[30[31[30[31
recty,(m — 2) 1]o]o]ofo[o]oloo]0]0
recty,(m — 2)[recty,(Mod(y,4)) —2] |0]-2{0[0f0[0(0[0|0[0|0|0
-1
30+w+ 31;231303130313130313031
recty,(m — 2)[recty,(Mod(y,4)) — 2]

Remark: the number of days for the month of February in
the table is 28 for non-leap year, and 29 for leap year.

Eg. (1) can be also programmed which makes it easier for
the user to determine the number of days in each month for
any year. The code is written in Scilab 6.1.1.

3. PROPOSED PERENNIAL CALENDAR

The idea of creating a perennial calendar, such as the
International Fixed Calendar (IFC), was to make our life
easier. Its main advantages are as follows: (a) the calendar
never expires, and it is always relevant, (b) it becomes
easier to memorize and remember events and dates, (c) there
is no need to change the calendar or by a new one every
year, (d) adding new events is easy and can be done once,
etc. However, the IFC has many drawbacks, as mentioned
previously. To address these drawbacks, new perennial
calendar systems are proposed based on the idea of the IFC,
the Gregorian calendar, and using optimization. To do so, a
new annotation will be used in this paper to refer to a
specific calendar. The annotation is “MWD+R”, or simply
the mathematical formula can be written as in Eq. (4), and
explained in Figure 5.
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Code on Scilab:

5 ;close;
repeat=1;

while repeat==

(

year=input ( )
for m=
U=( (m=7.9)+1)/2;
rect=( (m-2+0.2)+1) /2-( (m-2- )+1)/2;
rect_mod=( (modulo (year,4)+ )+1) /2~
( (modulo (year,4) - )+1)/2;
N_days (m) =30+ ( ($pi* (m-1+U))+1)/2 + rect*

(rect_mod-2) ;
end

Number of Days per Month(1l,:)= g
Number_ of Days_per Month (2, :)=N_days';

( )
( )
(Number of Days_per Month) ;

( )
repeat=input (
)i

end

Output on the Console window

"Enter the year that you would like to check the number
of days for each month"

Year= 1987

"Month Number: "
"Number of days

11, 12,
. 30. 31.
"Would you like to repeat?"

Press "1" for YES or any key for NO: 1

"Enter the year that you would like to check the number
of days for each month"

Year= 1988

"Month Number: "
"Number of days

.11,
. 30.

12.
31.

"Would you like to repeat?"

Press "1" for YES or any key for NO: 2

"Thanks for using this application! "
AR S S E SR SRS E SRS EEEEESESESESESESESESESEI]

"Copyrighted (C) Claude Ziad El-Bayeh"

Mk kkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkx 1
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M x W x D + R = 366 days in a leap year
M13W4D7 + R2 = 366

ITRER

(4)

Number of || Number of Number of Remaining Total number
months ina || weeksina days in a days per leap || of daysina
year,e.g, 13 || month, e.g., 4 || week, c.g, 4 year, €.g., 2 leap year

Figure 5. Example of annotating a calendar with the name
M13W4D7+R2, which means there are 13 months a year, 4 weeks
a month, 7 days a week, and 2 remaining days in a leap year.

M presents the number of months in a year (e.g., M = 12
months in a year). W shows the number of weeks in a month
(e.g., W = 4 weeks in a month). D stands for the number of
days in a week (e.g., D = 7 days in a week). R describes the
number of remaining days that fill the gap between a
perennial calendar and the actual number of days in a leap
year (366). For example, calculate R if there are 12 months
a year, 4 weeks a month, and 7 days a week. In this case,
M=12, W=4, D=7. Hence,

M x W x D + R = 12 months/year x 4 weeks/month x 7
days/week + R = 366

=R =366 — 12 x 4 x 7 = 30 remaining days per leap year

Based on the above-mentioned example, the number of
remaining days per year is almost equal to one month for the
Gregorian calendar. Therefore, the Gregorian calendar
cannot be considered a good example of a perennial
calendar. From this place, the real number of months in a
year should be equal to 13 in the above case. An ideal
perennial calendar is when the remaining number of days in
a year will be equal to zero, hence R = 0. However, this is
not possible for the Earth because the number of days in a
year does not have an integer value, and it is equal almost to
365.2422. Therefore, it is necessary to rearrange the number
of days, weeks, and months in order to minimize R. Thus, it
becomes an optimization problem in which we need to
recalculate the number of months, weeks, and days in a way
to minimize R.

3.1 Optimization Model

As discussed previously, to minimize the number of
remaining days in a year, an optimization model should be
created. The objective function is described in Eq. (5), and
the constraints are shown in Equations (6) to (10). Where,
Rnin and R, describe the lower and upper bound of the
number of remaining days in a perennial calendar. M,,;, and
M.« are the lower and upper bound of the number of
months per year. W, and W,,., represent the lower and
upper bound of the number of weeks per month. D;, and
Dnax Show the lower and upper bound of the number of
days per week. It is obvious that the optimization problem is
mixed-integer nonlinear programming in which M, W, D,
and R should be integers. To solve the problem, the Mixed-
Integer Genetic Algorithm (MIGA) is used in this paper.

Obijective function:

MinimizeR=Y —M «W =D (5)
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Subject to :

Ryin SY—M Y *D < Ry (6)
Myin <M < Myqy (7
Wiin =W < Wiygy 8
Dyin < D < Dyax ©)
[r,M,W,D] € N (10)

3.2 Optimization Algorithm

To solve the above problem, Algorithm 1 is proposed and
written in MATLAB 2018b. The initial values (such as
Mmin, Mmax, etc.) can be changed according to the needs
of the user. Mixed Integer Genetic Algorithm (MIGA) is
used as an optimization technique to solve the problem. The
initial values of the input are stated in Table 4.

4. RESULTS AND DISCUSSIONS

4.1 Assumptions

After defining the optimization model and algorithm, it is
necessary to present the assumptions that are considered in
this paper. The optimization model requires the user to set
the boundaries of the constraints. For this purpose, the limits
are defined as follows:

» The remaining number of days in a year. Rmin=0 and
Rmax=10. By increasing the range, more options appear
to the user to choose the best calendar that fits his needs.

e The number of months in a year: Mmin=10 and
Mmax=20. We do not want a number of months less
than 10 because they become very long.

»  Number of Weeks in a month: Wmin=0 and Wmax=20.
We set the number of weeks flexible in order to get more
options.

* Number of Days in a week: Dmin=5 and Dmax=8. A
number less than 5 represents a too-short week, and a
number greater than 8 is considered too long for a week.

4.2 Output results of the algorithm

Table 5 presents a selected list of options with their input
and output results for the number of months, weeks, days,
and remaining days per year for the proposed perennial
calendars. The values can change when the boundaries of
the constraints change.

Table 4. Input of the optimization model.

Input
c < | £ s | £ s | £ %
~| E|E|E|E|E|E|E|E
x|l | =S| =|2|=2|0|a
366 | O 10 | 10 | 20 0 20 5 8
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Algorithm 1. Optimization model of the proposed original
perennial calendar.

%% An Original Optimal Perennial Calendar

clc

;clear;close all;%Clear all previous data on MATLAB

%% Optimization Model-------------—---—-————-———————————

for

End

for

end

function [C,Ceq] =

end

sectionl=1:1%Initial Values

Y=366; %Number of days in a leap year

Mmin=0; Mmax=20; %minimum and maximum number of
months in a year

Wmin=0; Wmax=20; %minimum and maximum number of
Weeks in a Month

Dmin=5; Dmax=8; %minimum and maximum number of
Days in a Week

Rmin=0; Rmax=10; %minimum and maximum number of
remaining Days in a Year

sectionl=1l:1%0Optimization Model

%$Decision variable: X, X (1)=Month, X (2)=Week,

X (3)=Day
OF=Q (X) (Y-X (1) .*X(2) .*X(3)); %Objective Function

%Constraints of the Form A*x<=B
A=[1 00 ; 010 ; 00 1]; B=[Mmax, Wmax, Dmax]';

%Constraints of the Form Aeqg*x=Beq

Aeg=[]; Beg=[];

%Constraints of the Form lb<=x<=ub

LB=[Mmin Wmin Dmin]'; %Lower Bound

UB=[Mmax Wmax Dmax]'; %Upper Bound
X0=zeros (3,1) ;%Starting point

%Solution of the Optimization

nvar=3; %Number of studied variables
IntCon=[1,2,3]; %Variable that should be integer

[X,Value,exitflag,output]=ga (OF,nvar,A,6B,Aeq, Beq,
LB, UB,@C_Matrix,IntCon);

X %Show the number of Variable
R=Value %Show the remaining number of days

MWD=X (1) .*X(2) .*X(3) %Show total number of days in
a year except the remaining days

fprintf ('M=%2.0f , W=%2.0f,
MWD= %2.0f \n',X,R,MWD)

D=%2.0f, R= %2.0f ,

C_Matrix(X)
Y=366;

Rmin=0; Rmax=10;

C(1l)= X(1).*X(2).*X(3)-Y+Rmin;
C(2)= Y-X(1).*X(2) .*X(3) -Rmax;
Ceg=[1;
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Table 5. Input and Output Results of the Optimization Model.

Input Output o ]

5+ ©

BN S

S E1 S

2l & 8

c = [a
Slc|xle|ldleld|clx Qle| & | £
2| E|E|E|E|E|E|E|E Sla| 5| &
Ol |z|S S22 alalsS|ZalxlS|ZI 8| &
1|0(10|10|20(0 (20|58 |10|6 |6 |6 |360|60|Yes| -
2101(10(10({20{ 0 |20|5|8 |12/ 6|5 |6 (360|72| No | Yes
3(10(10({10|20{ 0 (20|58 (12|5|6 |6 |360({60|Yes| -
410(10{10|20{ 0 (20|5 |8 [12| 3 |10| 6 |360{36| No | Yes
5(10(10({10|20| 0 (20|58 (134 |7 | 2 |364|52| No | No
6|0(10/10|20{0|20|5 |8 |15|4 |6 |6 |360|60|Yes| -
710110(10{20{ 0|20|5 |8 |15/ 3|8 |6 |360{45| No | No
8|0(10{10|20{ 0 (20|/5|8 (18| 4|5 |6 |360{72| No |Yes
9101/10|10{20{0|20|5|8|20|3 |6 |6 |360|60|Yes| -

A calendar that has 13 months, such as some of the
proposed Optimal Perennial Calendars in this paper, has a
prime number “13” which cannot be divided by 2, nor by 3
neither by 4. Therefore, it becomes difficult to categorize
activities based on a biannually, triannually, or quarterly
basis. In order to solve the problem, dividing the year into
many intervals can be done on a weekly basis in which the
total number of weeks in a 13 months calendar system is
equal to 52 (13x4).

In this paper, a perfect calendar is defined as a calendar
which can be divided into many equal intervals (particularly
2 (biannually), 3 (triannually), 4 (quarterly), 5
(quinannually), and 6 (sexannually) with the exact number
of weeks in each interval. A semi-perfect calendar is defined
as a calendar that can satisfy at least 4 of the previously
mentioned intervals (2, 3, 4, 5, and 6), as presented in Table
6.

Table 6. Example of dividing a year into intervals with the same
number of weeks for different perennial calendars.

© | © © N o |wo]| © ©

v | | @l |

Proposed optimal 3 & | 6| R |&|S| b | b

pereFr)\niaI caFI)endar é oDo oDo er 8 8 8 52

systems 2212222123

N o ] S [ e ) | —

S| 2| 2|2 |22 =22

Number of Weeks |36 | 45 | 45 | 52 [60|60| 72 | 72

2 18 30(30| 36 | 36

g 3 12 20|20 24 | 24
>
S

= 15

[+]
S
(5]
=

No

Perfect Calendar | No Yes|Yes No

Semi-Perfect Calendar|Yes Yes | Yes
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4.3 Case Study of a Calendar with 13 Months, 4 Weeks
and 7 days (M13W4D7+R2)

In this paper, only the perennial calendar “M13W4D7+R2”
(option 5) is discussed, while others can be interpreted in the
same way. Table 7 presents the proposed perennial calendar
"M13W4D7+R2” based on some new rules, as stated below:

e One year has 13 months with an exact number of days
and weeks. No days are added to any month nor to any
week. Hence, the drawback (a) mentioned in section 1.3
is resolved,

« Each month has exactly 4 weeks,

« Each week has exactly 7 days. Therefore, the total
number of days in a year becomes equal to 364 (7 days X
4 weeks x 13 months),

* A new month is added to the list, which is called “Month
Zero”, in which it contains the remaining days (Y ear-day
and the Leap-day). The reason for adding this month is
to separate the remaining days from the normal days,
which is not the case with IFC. In addition, it respects
the international standard 1SO 8601, in which the dates
are expressed. For example, 2020-00-01 is the Year-day,
2020-00-02 is the leap-day in a leap year, 2020-01-01 is
the first official day of the year 2020, which is Monday,
etc. Therefore, there is a consistency in numbering the
days, dates, and their expressions,

» We do not celebrate the end of a year as other existing
calendars do, such as the GC, JC, and IFC. On the
contrary, we celebrate the beginning of a new year. That
is why Month Zero is added at the beginning, which
represents a new start and a happy month in our lives.
This method has a positive impact on the psychology of
the people in which the end is not important as the
beginning of a new thing in their life,

» Friday will never occur on the 13th of any month.
Therefore, some people who feel pessimistic about this
date will be satisfied with the new calendar. Hence, the
problem (e) in section 1.3 is solved,

» The Year-Day and Leap-Day only belong to the “Month
Zero”. Therefore, months still have the same number of
days and will never change. Therefore, the problem (d)
in section 1.3 is solved,

» A leap year has 366 days, and its occurrence follows the
Gregorian rules,

» Each week starts on Monday and ends on Sunday, which
agrees with the international standard ISO 8601.
Therefore, the problems (c) and (f) in section 1.3 are
addressed,

« Each month starts on Monday and ends on a Sunday,

» Every year starts on Monday and ends on Sunday.
Therefore, Month Zero is considered as a fictive month
with a maximum of 2 days, which are feast days that
celebrate the beginning of a new year.

» For business purposes, instead of dividing the year into
quarters or triannuals, it is recommended to consider
weeks that give more accurate results. For example, if
we want to divide a year into 4 quarters, in the proposed
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calendar, each quarter is exactly 13 weeks. For a
triannual year, 17 weeks are considered for the first two
triannually -based year, and 18 weeks are considered for
the third period. Therefore, problem (b) mentioned in
section 1.3 is solved.

Table 7. Proposed perennial calendar M13W4D7+R2.

Energy, Environment and Storage (2021) 02-01:20-33

Monday =1+7(w —1)
Tuesday =2 +7(w—1)
Wednesday =3+ 7w —1)
Thursday =4+ 7w — 1)
Friday =5+7(w —1)
Saturday =6+7(w—1)

11

Based on Table 7, it is clear that the proposed Calendar has
a more systematic organization of days and months in a year
compared to the Gregorian calendar. The first day of a
month always starts on Monday, and the last day of each
month is always Sunday. Therefore, counting days becomes
an easy task, and there is no need for complex algorithms to
predict the days and dates in previous years. The days and
dates in the proposed Calendar have strong and correlated
relationships, which can be described by simple
mathematical equations as in Eq.(11).

28

The proposed Perennial Calendar M13W4D7+R2 Sunday = 7 + 7(W _ 1)
Year: Any year has the same sequence of days and dates _
Month Zero Month 1 (January) Yearday __ 365
e ooty Leap day = 366 (in a leap year)
1 2 1l o]lslals]e]7
s [ 9w [u]12]18]14 Where w is the (month:w € [1,4]
# of Working Days: 260 L1617 ] 18] 19]20]21 . .
ear:w € [1,52
# of Off Days: 105 % 23 [ 24 [ 2 | 26 |27 [ 28 week number ina ly [1.52]
Month 2 (F Month 3 (March . .
IR SRR IR A o eample, caloulate the date of Monday in the tird
L2 3[4]5]6]7 L2 3 [4]5]6]7 week of a month.
sl olwlulel13]14 s o] |re]18]14
1516 (1718192021 15161718 19]20 21 Answer: Monday = 1+ 7(3 — 1) = 15
922 93|29 [27]28 92 [ 9320|259 [27]28 o
Moot i Gl Mou 5 0] o Tue W T Tt on
1 2 3 4 516 7
1ol s3]als]e6e]7 1l o]lslals]e]7 s | 9 [ 10|11 [12]15]14
sl olwlule]13]14 s olw[nulie]13]14 (15 )16 [ 17 [ 18 [19]20] 21
w617 18]19]20]21 51617 18]19]20 21 22 | 93 | 24 | 25 [96]27] 98
20 [ 23] 24252 [ 27| 28 99 |23 ] 24 [ 95| 26 [ 27 [ 28
Month 6 June) Month 7 (July) Another example, calculate the day number of Wednesday
ol 1l51617 Tol3 2151617 located on the 36th week of the year.
slofw|ufie]i13]14 sl oJwofu]re]is]1a
51617181920 21| [15]16]17]18] 192021 Answer. Wednesday =3 +7(w—1)=3+7(36—-1) =
922 [ 23|24 95| 2|27 |28 92 [ 93| 24| 25|92 |27 |28 248
Month 8 (August) Month 9 (September)
July August
1 9 3 4 5 6 7 1 9 3 4 5 6 7 Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
sl olwol|rfief18]14 sl o9lww]i1t]i12]138] 14 169 | 170 171 | 172|173[174]175 197 198 | 199 | 200 [201[202({203
15 16 17 18 19120 |21 15 16 17 18 19|20 | 21 176 | 177 178~ 179180181182 204 | 205 206 | 207 [2081209|210
99 193 12t 19 19 27 | 28 2 93 T2t 12 [ 26 127 | 28 183|184 185 [186]187[1s8[189] [211 [212] 213 [ 214 [215]216[217
190 [191] 192 [198]194[195]196] [218 [219] 290 [ 291 [299]2238]294
Month 10 (October) Month 11 (November)
September ctober
1o s3]a]ls5]6]7 1{o|3]a]|s5]6]7
- - 995 [ 296 | 297 |298[299|230|231| | 253|254 ] 255 | 956 |257] 258|250
18;_ fi i;) ié ié ;g ;i :_ 1525 1(7) i:; i; ;3 ;Af 232 | 235 | 234 | 235236237238 260 | 261 | 262 | 263 |264 (265|266
2:2’ 23’ oo T Tor Tos 22’ 5o T2 T2 o7 Tos 9239 | 240 | 241 | 249|243]044|945| | 267 [ 968 | 960 | 970]971|272|273
— 2 6 & 2 6 246 | 247 (248 ) | 249 (250251252 974 | 275 276 | 277 (2781279|280
Month 12 (December) Month 13 (Undecember)
: 2 4 4.4 Comparison between the proposed calendar and the
1o 3]a]ls5]6]7 1{o|3]a]s5]6]7 G . lend
8 |9 |0t e[18|1a] [8] o 10| |12]18]14 regorian calendar _
6|17 18]19]20]21 151617 | 18] 19|20 | 21 In this subsection, a comparison between the proposed and
22 123124 25] 96|27 | 28 22 | 23124252627 |28 Gregorian calendars is presented. Table 8 shows both

calendars, in which it is obvious that the proposed one is
much easier to memorize because all months look the same.
A more detailed comparison is presented in Table 9.
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Table 8: Comparison between the proposed and Gregorian

Table 9: Comparison between three calendars, the proposed

calendars. one (M13W4D7+R2), Gregorian, and IFC.
o I T Calonda |lAspects  |Description Proposed GC |IFC
e proposed Perennial Calendar Eregatan Cellndhr Calendar
MI3WAD7: R2 Technical [Number of weekends in a year Up to 106 Upto | Up
Year: Any year has the same sequence Only for the year 2020, the 104 t
of days and dates dispalcement of dates and days change 0
Month Zero || Month 1 (January) January 2020 Tebruary 2020 i 106
Year-day Leap-day Complexity of the system Very easy |Complex|Easy
1 2 1]2]s[4]5]6]7 123 4 1 Computation time Very low Very |Low
8l 9fto[11f1218[14f)f|5 6 7 8 9 1011||2 8 4 5 6 7 8 high [26]
15116[17]18]19[20(21||{{12 18 14 15 16 17 18||9 10 11 1213 14 15 Reduce wasted time to check Very low Very Low
29]93[24]25|96[27]28]|[[19 20 21 22 23 24 25||16 17 18 19 20 21 22 days and dates on a calendar high
26127128)29/30/31 j |49 24125|26127 28 9 Do we need a Calendar to check No Yes No
Month 2 (February) || Month 3 (March) March 2020 April 2020 the dates
Lo 3]«fs]6]7][1[2]3]«][5]6]7]||/1 2 8 45 6 7 123 4 %c])nsdldterec: gs Pe(rjennlal f:a:]endar Yes mo Yes
80 [10[11[12[18]14| [ 3 [ 9 (0] 11 [12[18]14||| 8 9 10111213 14//5 6 7 8 9 1011 € date of days does not change Yes 0 |Yes
15[16]17[ 18 19]20[21| [15]16] 17 [ 18 19]20[21]|[[15 16 17 18 19 20 21||12 18 14 15 16 17 18 (e.g., the 17th always falls on a
92]93[24] 25| 26[27[28] | 22] 23[24] 25| 26]27[28]|||22 23 24 25 26 27 28|[19 20 21 22 23 94 25 [Tuesday)
29 30 31 26 27 28 29 30 Calendar respects international Yes No No
Month 4 (April) Month 5 (May) May 2020 June 2020 standards
Economic [Number of payable months 13 12 13
ST ol oalia] oo B |8 4.5 6 7 s 9||7 8 5 1012 Fasy scheduling for institutions | Yes | No__ | Yes
15[ 16[17]18[19]20[21] [ 15[ 16[ 17 18] 19]20]21]||[10 11 12 13 14 15 16|14 15 16 17 18 19 20 andd'ndtL.JSt”es \IN'th extended
92]23]24]25]26]27]28] [22] 23] 24] 23] 26]27[28][| |17 18 19 20 21 22 93| |21 22 28 24 95 96 27 production cycles _
94 95 96 27 98 99 30/ |28 29 30 /Accurate statistical comparisons Yes No Yes
31 by months, since all months have
Month 6 (unc) Month 7 (uly) July 2020 ‘August 2020 exactly the same number of
business days and weekends
L{2f3{4]s5]6]7|[1][2][8[4]5]6]7 1234 1 Possibility of error in printing the No Yes [27]| No
81 9[10[11]12|18|14|| 8| 9|10|11]|12|18[14|f{/5 6 7 8 9 1011|/2 3 4 5 6 7 8 calendar and Ca|cu|ating the dates
15[ 16[17]18[19]20[21] [ 15[ 16[ 17[ 18] 19]20]2L]{|[12 18 14 15 16 17 18||9 10 11 12 18 14 15 - - -
92[93[24] 25| 26[27[28] [ 22] 23[24] 25] 26]27[28]|[|19 20 21 22 28 24 25|[16 17 18 19 20 21 22 Calnnkzje f?rr:s\:ﬁﬁrid as ‘: fming ial | Yes (basked Yes | No
96 97 28 99 30 31| | [23 24 95 26 97 98 29 calendar ch years can e |- on weeks
30 31 divided into quarters, triannuals, | instead of
and biannuals months)
Month 8 (August) Month 9 (September) September 2020 October 2020 - -
A I Frviron- [Eco-frendly e
2lsltlsl6l71li12l3l 415067 193 45 L2 3 mental  [Reduce the number of printed Yes No | VYes
8 9]to]1tf12[18[14f[ 8 [9]to[11]12[18[14f|[[6 7 8 9 101112/|4 5 6 7 8 9 10 hard-copies
15]16[17[18[19[20[21{[15]16[17]18[19[20[21|[|18 14 15 16 17 18 19||11 12 18 14 15 16 17 Reduce pollution and waste from Yes No | Yes
9923 24]25] 26]27]28] [22] 23] 24] 25] 26]27]28]|[ |20 21 22 28 24 25 26/[18 19 20 21 22 23 24 printing the calendars
27 28 29 30 25 26 27 28 29 30 31 Reduce energy consumption Yes No |Yes
Month 10 (October) || Month 11 (November) November 2020 December 2020 Indivi- Better organization of personal Yes No Yes
dual life
1121514151617} 112]314]5]6]7})f|1 2 8 4 5 6 7 112134088 IAccurate appointments and Yes No |Yes
8o [wofuif1efuafa|[ 8o [to[ti]12[18[14lf| 8 9 10111218 14//6 7 8 9 101112 events
15]16]17]18[19]20{21| [15] 16| 17] 18] 19]20]21][] |15 16 17 18 19 20 21|13 14 15 16 17 18 19 Social Movable hoid lebrated v N ;
92]23]94]25 9627 (28] [22[ 28] 24]25] 2627 (28| |22 23 24 25 26 97 28/|20 21 22 93 24 95 96 ocia ovable holidays celebrated on es o es
99 30 97 98 99 30 31 the nttt:\ ((:ertamT \r/]veellzde}y_of aD )
month, (e.g., Thanksgiving Day),
Month 12 (D b Month 13 (Und ber) .
= e e — would be able to have a fixed date
T2lslalsl6lzUtl2lslalsl6!7 while keeping their traditional
8 |9 [10[11]12]13[14][3 ] 0 [10[11[12[t3[14 weekday
15]16[17]18[19]20[21|[15]16]17]18]19[20{21 Better organization of social Yes No | Yes
99(98|24(25]26]27(28| | 22] 23| 24( 25| 26]27[28 activities
Less conflict because of missing Yes No | Yes

29

some events, meetings, and

appointments

4.5 Other proposed Calendars

In the

previous subsection,

the proposed calendar

“M13W4D7+R2” is discussed. However, Table 5 shows
other possible solutions, in which some of them will be
presented briefly in this subsection. In Tables 10 to 13, only
4 calendars are presented, which come from Table 5. The
yellow boxes represent the weekends and the day offs, and
the white boxes are for the working days.
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Table 10. Proposed calendar: M12W5D6+R6. Table 12. Proposed calendar: M10W6D6+R6.

The proposed Calendar M12W5D6+R6 The proposed Calendar M10W6D6+R6
Year: Any year has the same sequence of days and dates Year: Any year has the same sequence of days and dates
Month 01 Month 02 Month O1 Month 02
1 2 ; 4 5 5 1 2 ; 4 5 5 DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5
7 8 ;) 1 (‘) 11 12 7 8 ;) 10 11 12 L 2 3 L 5 g L 2 3 1 5 o
13 11 15 16 17 18 13 11 15 16 17 18 7 8 9 10 11 12 7 8 9 10 11 12
190 | 20 | 21 | 92 | 93 | 24 19 | 20 [ 21 | 99 | 23 | 24 13 | 14 | 15 | 16 | 17 | 18 18 | 14 | 15 | 16 | 17 | 18
25 | 26 | 27 | 28 | 20 | 30 25 | 26 | 27 | 28 | 20 | 30 19 | 20 | 21 | 22 | 23 | 24 19 | 20 | 21 | 22 | 23 | 24
25 | 26 | 27 | 28 | 29 | 80 925 | 26 | 27 | 28 | 29 | 80
Month 03 Month 04 31 | 32 | 33 | 31 | 85 | 86 31 | 32 | 33 | 34 | 856 | 86
D1 D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6
1 2 3 A1 5 6 1 2 3 1 5 6 Month 03 Month 04
8 9 10 11 12 7 8 9 10 11 12 D1 D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6
13 11 15 16 17 18 13 11 15 16 17 18 1 2 3 4 5 6 1 2 3 4 5 6
153 2(? 21 22 23 24 153 2()» 21 22 23 24 7 3 9 10 11 12 7 3 9 10 11 12
25 [ 26 | 27 | 25 ANl 25 | 26 [ 27 | 28 [NEOiNE0) 13 [ 14 | 15 | 16 [ 17 | 18 13 | 14 | 15 | 16 | 17 | 18
taveidr 07 lareids 075 19 | 20 [ 21 | 22 | 23 | 24 19 | 20 [ 21 | 22 | 23 | 24
— T 7 T T — 1T T T T 25 | 26 | 27 | 28 | 29 | 30 25 | 26 | 27 | 28 | 29 | 30
1 2 3 " S 6 1 B 3 " S 3 31 | 32 | 33 | 84 | 85 | 86 31 | 32 | 33 | 34 | 856 | 86
7 8 9 10 11 12 7 8 9 10 11 12
13 14 15 16 17 18 13 14 15 16 17 18 Month 05 Month 06
19 20 21 22 23 24 19 20 21 22 23 24 D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D6
25 26 27 28 29 30 25 26 27 28 29 30 1 2 3 4 5 6 1 2 3 4 5 6
7 8 9 0 [ 11 | 12 7 8 9 [ 10 [ 11 [ 12
Month 07 Month 08 138 | 14 | 15 | 16 | 17 | 18 3 | 14 | 15 | 16 | 17 | 18
D1 2 D3 et e o5 D1 2 o8 | Toxd | T3 | ToX9 19 [ 20 | 21 | 22 | 28 | 24 19 | 20 | 21 | 22 | 28 | 24
e e T B o 2 T 25 | 26 | 27 | 98 | 29 | 80 25 | 26 | 27 | 28 | 29 | 80
F T T s T 16 7 18 ST s T T s 31 | 32 | 33 | 314 | 85 | 86 31 | 32 | 33 | 34 | 85 | 86
10 [ 20 | 21 | 22 | 93 | 24 19 [ 20 [ 21 [ 22 | 23 | 24
25 | _26 27 28 | 29 | 30 25 | 26 | 27 | 28 | 29 | 80 Month 07 Month 08
DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6
Month 09 Month 10 1 2 3 4 5 6 1 2 3 4 5 6
D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D6 7 8 9 10 11 12 7 8 9 10 11 12
1 2 3 1 5 6 1 2 3 4 5 6 13 14 15 16 | 17 | 18 13 14 15 16 | 17 | 18
7 8 9 1o ] 11 | 12 7 8 O Lo 11 JERIE 19 [ 20 [ 21 | 22 | 23 | 24 19 | 20 [ 21 | 22 [ 23 [ 24
1 j) ;(”; Ll’ ;‘z’ Z ;2 : 2 ;(: ;‘l’ ;;’ Z ;i 25 | 26 | 27 | 28 | 29 | 80 25 | 26 | 27 | 28 | 29 | 80
25 26 27 28 | 29 | 80 25 26 27 28 | 29 30 31 32 33 | 84 ch|l_5 31 32 33 | 34 MEOMESH
Month 11 Month 12 Month 09 Month 10
DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6 DL D2 D3 D4 D5 D6 DL D2 D3 D4 D5 D6
1 B 3 . 5 3 I B 3 r 5 6 1 2 3 1 5 6 1 2 3 4 5 6
7 8 9 10 11 12 7 8 9 10 11 12 7 8 9 10 11 12 7 8 9 10 11 12
15 | 14 | 15 | 16 [ 17 | 18 13 | 14 [ 15 | 16 [ 17 | 18 3 | 14 | 15 | 16 | 17 | 18 3 | 14 | 15 | 16 | 17 | 18
19 20 o1 22 23 24 19 20 o1 29 23 24 19 20 21 29 | 238 | 24 19 20 21 99 | 23 | 24
25 26 27 28 | 29 | 30 25 26 27 28 | 29 | 30 25 | 26 27 | 28 | 29 | 80 25 | 26 | 27 | 28 | 29 [ 30
31 | 32 | 33 | 34 | 85 | 86 31 | 32 | 33 | 34 | 85 | 86
Month 13 (Year-Month) # of Working Days: 264
YD1 YD2 YD3 YD4 YD5 ¥YD6 # of Off Days: 102 # of Working Days: 260
1 2 3 4 5 6 |< For the day 366 in a leap year
| For days 361 to 365 | OO Gy — A6
This calendar has 12 official months. Each month has 5 weeks of 6 days each. At _ For the day 366 in a leap year |
the end of the year, an additional Month is added with only 5 days (+1 leap day in [ For days 361 to
a leap year). These days are called Yearda in which they are different from the This calendar has 10 official months. Each month has 6 weeks of 6 days each. At
normal d: 1d can be considered as hol S v off for employees. the end of the year, an additional Month is added with only 5 days (+1 leap day in
a leap year). These days are called Yeardays, in which they are different from the
/s, and can be considered as holidays or day off for employees.

Table 11. Proposed calendar: M12W6D5+R6. pormal da

[ The proposed Calendar M12W6D5+R6 | .
s e e e e e e e Tablel3. Proposed calendar: M15W3D8+R6.
DI M° 01 D& DI M° 02 D& The proposed Calendar M15W3D8+R6
1 B) B 1 5 1 B) 3 ) > Year: Any year has the same sequence of days and dates
G 7 8 9 10 G 7 8 9 10 Month 01 Month 02
1 12 13 11 15 1 12 13 11 15 Dl D2 D3 D4 D5 D6 D7 D8 D1 D2 D3 D4 D5 D6 D7 D8
16 17 18 19 20 16 17 18 19 20 < 3 3 < = ~
1 2 3 4 5 6 7 8 1 2 s 4 5 6 7 8
2 22 28 24 25 2 22 28 24 25
T o on T 26 30 T B T - e vl lulielBlulis][16 vl lulielBlulis][16
17 18 19 120 | 21 | 22 | 28 | 24 17 18 19 [ 20 ] 21 |22 | 28 | 24
Month 03 Month 04
Month 03 Month 04
DI D2 D3 D4 D5 DI D2 D3 D4 D5
n > = " = n > s " = DI D2 D3 D4 D5 D6 D7 DS D1 D2 D3 D4 D5 D6 D7 D8
[ 7 8 9 10 [ 7 8 £ 10 1 2 3 4 5 6 7 8 1 2 3 1 5 6 7 8
:; :j :; :ﬁ ;g :; :j :; :; ;g 9 1w ]Julr[1s8]14]15]16 9 1w ]Juf[18]14]15]16
5 < 5 <
ST 55 T 55 22 58 ST 55 T 55 24 | 58 17 |8 [19]o[or[2]2s[24 1718199 o[22
26 27 o8 | 29 | 80 26 27 28 | 29 | 30 Month 05 Month 06
D1 D2 D3 D4 D5 D6 D7 D8 D1 D2 D3 D4 D5 D6 D7 D8
Month 05 Month 06 s e = - < “ y = -
D1 D2 D3 D4 D5 D1 D2 D3 D4 D5 1 2 |3 151617 |8 1 213 151617 |8
1 2 3 1 5 1 2 3 1 5 9 10 ] 11 [ 12 ] 18|14 |15 |16 9 10 |11 [ 12 ] 18|14 |15 |16
6 7 38 9 10 6 7 8 9 10 17 | 18 | 19 ] 20 | 21 | 22 | 28 | 24 17 | 18 [ 19 ] 20 | 21 [ 22 | 23 | 24
11 12 13 11 15 11 12 13 11 15
16 17 18 19 20 16 17 18 19 20 Month 07 Month 08
21 22 23 24 25 21 292 23 24 25 D1 D2 D3 D4 D5 D6 D7 D8 D1 D2 D3 D4 D5 D6 D7 D8
26 27 o8 | 29 | 80 26 27 28 | 29 | 30 1 o 3 415161718 1 9o 3] 415161718
izrati 57 izt 1T 9w n|rel[B{ul[15]16 o Jofulir]B[14]16]16
S EDSE Bn =l BoE a5 =T e o e 17 [18 1920 [21 222824 17 | 18192 [21 [29]23] 24
: 2 = e : 2 2 > Month 09 Month 10
5 < 5
T T T T is e T T T ie DI D2 D3 D4 D5 D6 D7 DS @ DI D2 D3 D4 D5 D6 D7 D8
16 17 18 19 20 16 17 18 19 20 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
21 | 2o | 25 [ 24 | 25 21 | 20 | 25 [ 24 | 25 o |10 | u ||| 14][15]16 o [l uul15]16
26 | 27 | 25 |oeaiesiy 26 | 27 | 26 |Seaiesd 17 [ 18] 192 [ 21 [ 22 [ 28] 24 17 |18 [ 19| 20 [21 |22 [ 23 | 24
Month 09 Month 10 Month 11 Month 12
1 2 3 4‘ 5 1 2 3 D4‘ 5 D1 D2 D3 D4 D5 D6 D7 D8 D1 D2 D3 D4 D5 D6 D7 D8
5 = < > W0 5 = = > W0 L2845 6[]7]8 L2845 [6[]7]8
11 12 13 14 15 11 12 13 11 15 9 10 [ 11 )12 | 13 | 14 | 15 | 16 9 10 [ 11 )12 [ 13| 14 | 15 | 16
16 17 18 19 20 16 17 18 19 20 17 118 119 [ 20 [ 21 | 22 | 28 | 24 17 [ 18 [ 19 ] 20 | 21 | 22 | 23 | 24
21 22 23 | 24 | 25 21 22 23 | 24 | 25
26 27 28 29 30 26 27 28 29 30 Month 13 Month 14
D1 D2 D3 D4 D5 D6 D7 D8 D
MO HREE Whlemils 15 Ll 2] 3] 4]516]7]8 L2 ]3] 4]516]17]8
T R R R R S R R R B 9 [ [ || [1u]15]16 9 [0 [ | 1213 ] 141516
5 = 5 > (i) 5 = m > o) 17 | 18| 1920 | 21 | 22 [ 23] 24 17 | 18 | 19| 20 | 21 | 22 | 23 | 24
s :j :; :j} ;g :; :j :; i: ;(5) Month 15 This calendar has 15 official months. Each month
5 < 5 <
o1 B o3 o4 25 o1 L) o3 24 25 D1 D2 D3 D4 5 D D7 D8 has 8 weeks of 8 days each. At the end of the year,
26 27 28 29 30 26 27 28 29 30 1 2 3 4 5 617 8 an additional Month is added with only 5 days (+1
9 [ 10112 [13)14]15] 16 leap day in a leap year). These days are called
Month 13 (Ycar-Month) # of Working Days: 264 7181020 |2 22232
2 3 6 f Off : o2
Y1 Y Y Y4s Y5 Y = #F:’)r i dﬁ)"“;’:_ﬁ T yl ] Yeardays that they are different
For day 365 § # of Working Days: 255 from the normal days, and can be
This calendar has 12 official months. IEach month has 6 weeks of 5 days 111 considered as holidays or day off
cach. At the end of the y 1 additional Month is added with only 5 days in aleap year_|for employees
(+1 leap day in a leap year). vs are called Yeardays, in which they
are different from the normal days, and can be considered as holidays or

30



El-Bayeh et al.

4.6 Impact on the Environment and Energy Demand

The rotation of the Earth around the Sun takes almost
365.2422 days which is neither an even number nor an
integer and cannot be divided into equal intervals.
Therefore, it was challenging to create a user-friendly and
easy to memorize calendar in which the number of days,
weeks, and months are distributed equally along the year.
Gregorian calendar was one of many attempts to create an
accurate calendar that reduces the calculation error in
counting the number of days on a long period, as mentioned
in Table 1. Despite the accuracy of the Gregorian calendar,
it has lots of drawbacks. It is not a user-friendly calendar,
and it is not easy to memorize the days and their
corresponding dates. Therefore, it was necessary to print out
the calendar on paper, which will increase the pollution and
the emission of Green House Gases (GHG) such as CO,. In
addition, lots of energy is consumed to produce and
distribute these paper-based calendars. In modern times,
computers, cell phones, and smartwatches are mostly used
to check the days and dates and save events. They do not
consume paper; however, they still consume lots of energy,
as will be calculated in the following subsections.

4.6.1 Impact on the energy demand

In order to proceed in the calculation, it is important to
select the most pertinent data set for the problem. In this
subsection, we intend to collect data of mobile and
computer users in order to calculate the impact of using
digital calendars on total energy consumption worldwide. In
other meaning, we will calculate the wasted energy by
checking the dates and days using digital calendars. Input
data are presented as follows:

e Current world population 7.9 billion people (2021),

o Number of mobile phone users: 5.27 billion [28],
e Number of computer users: 2 billion [29],

o Average time spent to check the days and dates on the
calendar per user per day: 5 minutes,

o Efficiency from power generation to consumption:
0.88 considering losses on transmission/distribution
lines,

e Average energy consumption of a mobile per day:
12Wh,

e Average power consumption of a mobile: 1.8W
average,

e Charging efficiency: 0.9,

e Average power consumption of a computer: 60W
(considering desktops, and laptops).

Table 14. Average computer energy consumption [30].

Computer Type Energy Consumption

Desktop Computer 60-250 Watts

Computer with Active Screen Saver 60-250 Watts

Computer on Sleep or Standby 1-6 Watts

Laptop 15-45 Watts

Table 15 presents the calculation made to find out the
wasted energy to check the days and dates on a calendar for
all users across the globe per year using computers and
mobile phones. It was found that almost 293 GWh/year are
wasted just to check the Gregorian calendar, while it is
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about 23.4 GWh/year for the proposed Optimal Perennial
Calendar (M13W4D7+R2) in the worst-case scenario.
Therefore, the proposed optimal perennial calendar system
has reduced the energy demand by at least 12.5 times
compared to the Gregorian calendar.

Table 15. Wasted energy to check dates & days using GC and

OPC (M13W4D7+R2).
Description Value Unit Equation
Population [7.90E+09 - A
Number of mobile users 5.27E+09 - B
Number of computer users 2.00E+09 - C
IAverage time spent to check the _ .
days and dates on the calendar per (3.47E-03[2.78E-04| [hour/day] D_(Sgﬁ) min /
user per day
Mobile phone GC OPC Unit Equation
IAverage energy consumption of a
mobile per day 12 12 [Whiday] E
IAverage energy consumption of a
mobile per day from the generation
side (considering losses of the 15.152 | 15.152 | [Wh/day] |F=E/(0.9*0.88)
charger (10%), distribution and
transmission lines (12%))
IAverage energy consumption of a
mobile per day to check the days and
dates on the calendar from the —
lgeneration side (considering losses 0.0526 | 0.0042 | [Whiday] G=F"D
lof the charger (10%), distribution
land transmission lines (12%))
IAverage energy consumption of all{ 277,252 | 22,180 | [kWh/day] | H=G*B/1000
mobile phones for all users to -
check the days and dates on the 277.252 | 22.180 | [MWh/day] | I=H/1000
calendar from the generation side |101.197 | 8.096 |[GWh/year]| J=1*365/1000
Computer GC OPC Unit Equation
IAverage power consumption of a
icomputer/laptop 60 60 W] K
IAverage energy consumption of a
icomputer per day to check the days | 0.2083 | 0.0167 | [Wh/day] L=K*D
land dates on the calendar
IAverage energy consumption of a
icomputer per day to check the days _
land dates on the calendar from the 0.2630 | 0.0210 | [Whiday] |M=L/(0.9%0.88)
generation side
IAverage energy consumption of all{ 526,094 | 42,088 | [kWh/day] | N=M*C/1000
computers for all users to check 556 994 [ 42.088 | [MWh/da 0=N/1000
the days and dates on the calendar - - [ ]
from the generation side 192.024 | 15.362 | [GWh/year]|P=0*365/1000
[Total energy demand to check the 203221 | 23.458 | [GWhiyear] Q=P+J
calendar per year for all users

4.6.2 Impact on the CO, emission and pollution

The production of paper-based calendars every year does
not only increase the energy waste but also increases the
CO, emission and the waste, as presented in Table 16. It can
be remarked that the CO, emission by producing only
paper-based calendars may exceed 3.8 million tons per year
and yield about 1.9 million tons of waste. Of course, we did
not consider the pollution from the power plant sources
since we assume that the energy production comes from
renewable energy sources such as photovoltaics and wind
turbines, using storage systems such as batteries. In the case
when fuel-based power plants are used, the figures could be
tripled since the average efficiency of most of the fuel-based
power plants does not exceed 33%.
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Tablel6. CO, emission and waste production using GC and

OPC(M13W4D7+R2).

Calendar GC OPC
Description Value Value Unit Equation
Population 7.90E+09 | 7.90E+09 - A
Sold calendars per year
(including wall calendars, |1.90E+09|1.90E+09 - B
and paper calendars)
IAverage number of sheets 200 01 ) c
per calendar
Number of sheets produced
each year to create paper- |3.80E+11|1.90E+08 |sheet/year| D=C*B
based calendars
CO2 emission per paper 5 5 g of E
sheet CO2/sheet
CO2 emission per printed gof
paper sheet 10 10 CO2/sheet F
Total CO2 emission per 3.80E+09 |1.90E+06 kg/year IG=D*F/1000
year 3.80E+06 [1.90E+03 | Ton/year | H=G/1000
CO2 reduction ratio H(GC)/H(O
(GCIOPC) 2000 | Tonl/year PC)
\Weight of a sheet letter 5 5 g |
Total weight of used i
papers 1.90E+06|9.50E+02| Ton J=1*D/1e6
CO2 reduction ratio J(GC)I(OP
(GCIOPC) 2000 | Tonlyear )

From this place, it is time to rethink again about changing
our calendar system to a more efficient, user-friendly,
easier to memorize, eco-friendly, and sustainable calendar
system using one of the proposed OPC systems in this
paper. The massive production of calendars every year is
energy-consuming and material-consuming. Thus, the
carbon footprint of the Gregorian calendar is high and
should be reduced by any means.

5. CONCLUSION

The Gregorian calendar has been used for several centuries,
in which it was introduced to correct the Julian calendar.
Despite the success of the Gregorian calendar worldwide,
and despite its accuracy, it is not easy to deal with the dates
and days; hence sophisticated software is needed to
calculate the dates of corresponding days. Billions of hard
copies of the calendar are printed every year to help people
organize better their life. Thus, millions of trees are cut
every year to produce calendars and planners, which
increases pollution and the emission of CO2. To minimize
pollution and to go a further step toward a more sustainable
society, this paper proposes an original perennial calendar
system that is user- and eco-friendly. The proposed calendar
system is very easy to interpret and memorize. Thus, there is
no need to print hard copies of the calendar; therefore,
millions of trees can be saved every year, and less pollution
is emitted. For instance, we found that by using the
Gregorian calendar system, the wasted energy used to check
the dates and days on the calendar is almost 293 GWh/year.
In addition, the CO2 emission and waste by producing
paper-based calendars are 3.8 and 1.9 million tons per year,
respectively, which are considered non-negligible numbers.
From this place, the proposed calendar system uses
optimization algorithms and mathematical modeling in
order to obtain the optimal distribution of days, weeks, and
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months in a year. This paper compared the proposed
calendar system with the Gregorian calendar and the
International Fixed Calendar. Results show that the
proposed one has more advantages compared to the other
calendars, in which it reduces the energy demand and
carbon footprint by 200 and 2000 times, respectively,
compared to the Gregorian calendar. Further statistical
analysis is required to see how people react regarding the
idea of changing the calendar system and what will be the
next step to do in order to implement it.
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ABSTRACT: In recent years, fossil fuels prices, greenhouse gas emissions, and need for sustainable energy sources have
been increasing day by day. Thus, electric vehicles are seen as a promising candidate in the market due to their low-costs
and cleaner fuel options such as electricity, hydrogen etc. Moreover, aerodynamics is one of the most important criteria to
consider while designing an automobile for the most efficient driving conditions. For this reason, vehicle developers are
studying to reduce drag resistance of the body to improve driving efficiency. On the other hand, Computational Fluid
Dynamics (CFD) is one of the main tools for the automotive industry to obtain low-cost results before prototyping of any
product. In this study, the aerodynamic characteristics of VoltaCAR electric vehicle is numerically investigated to obtain
the best driving velocity. This car participates the TUBITAK-Electromobile car competition every year to achieve low fuel
consumption for one hour driving. Thus, it is aimed that to minimize the resistance of the air hitting from the front, side,
and roof of the vehicle. In the numerical model, polyhedral mesh structure is preferred to obtain faster convergence with
fewer iterations, and shorter computation time is obtained compared to the tetrahedral mesh method. The aerodynamic drag
coefficient (Cy) of the car model was calculated as approximately 0.17 at 22.22 and 27.78 m/s. The optimum velocity
values were selected as 22.22 and 27.78 m/s by means of their lower C.

Keywords: Aerodynamics, Fuel-Efficiency, Drag Coefficient, Computational Fluid Dynamics, Electromobile, Polyhedral Mesh

Avrticle History: Received:05.11.21; Revised: 15.11.2021; Accepted:26.11.2021; Availableonline: 26.11.2021
Doi: https://doi.org/ 10.52924/DGHR8227

1. INTRODUCTION sources will be depleted. Since the last decade, electric
vehicles have attracted a lot of attention as one of the
potential solutions to reduce greenhouse gas emissions.
About half of the total fuel energy is lost to come through
the aerodynamic forces [3]. In a medium-sized car, the
total resistance at 100 km/h is over 65% due to
aerodynamics forces [4]. For this reason, vehicle
developers are researching to reduce drag resistance. It
also improves passenger comfort by providing ventilation,
air conditioning, reducing mud formation on the vehicle,
and reducing noise levels [5]. The aerodynamic
development of the vehicle history has been gathered
under two main headings. Firstly, it is focused on the wind

34

Energy consumption in developed and developing
countries continues to increase day by day. Thus, energy
demand will reach unsustainable levels in the future [1].
Today, the automotive industry is faced with challenges
such as reducing emissions of exhaust gases into the
atmosphere, increasing safe driving, and reducing the use
of fossil-based fuels required for energy production.
Therefore, use of hybrid and electric vehicles, biofueled
cars and reducing engine sizes are very important for the
sustainable transportation [2]. The development of electric
cars has increased in response to the reality that future oil
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that is hitting from the front of the vehicle (projectile area)
at high speeds. Secondly, it is aimed to reduce the
accumulation of mud or dirt on the windows and lights of
the vehicles by arranging them according to the wing
designs of the aircraft with an aerodynamic body [6]. CFD
is a beneficial tools of fluid mechanics that uses numerical
methods and algorithms to solve and analyze problems
involving fluid flows. CFD is one of the vital processes for
the automotive industry [7, 8]. Thus, it is important for the
efficient driving conditions for the electric cars as well. In
the future, internal combustion engines will be replaced by
electric vehicles, fuel cell vehicles, and hybrid vehicles.
Limited driving range is one of the challenge due to
battery developments of electrical vehicles [9, 10]. In
Turkey, there are few competitions organized by
TEKNOFEST and TUBITAK Efficiency Challenge is a
college-level student design competition in which students
from colleges around the country to design and compete
with racetracks each year. In this study, CFD analysis of
the vehicle is conducted for a full-scale car model to
obtain most efficient numerical outputs for the low fuel
consumption driving. The purpose of this study is to
produce low Cy4 car and optimize the car velocity range
during the one hour driving time.

2. MODEL DEFINITION AND NUMERICAL
SOLUTION METHOD

2.1 Physical Model

Geometry of the model car was created with SolidWorks
design software. Rendering of the model was performed in
SolidWorks Visualize tool. In the design process, it is
aimed to obtain a low Cy, so that the dimensions are
suitable to the rules and there are no sharp edges on the
vehicle body [11]. Figure 1 shows the side view and the
isometric view of the vehicle model.

Figure 1. (a) Side view and (b) Isometric view of car
model.

Wall

\

Symmetry

e
Inlet/'/v'/}
—

—

(@)

Figure 2. (a) Flow domain design and boundary
regions.
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In Figure 2 the flow domain and boundary conditions can
be seen.

As given in Figure 2 the flow domain was created around
the car in the SpaceClaim to perform the analysis. Length
of the vehicle is x, then the distance from starting of the
virtual box to the front end of the car is 5x whereas from
the rear end of the car to the end of the virtual box is 10x
[12, 13].

2.2 Mesh Generation

In Figure 3, the mesh structures of the model which is
generated by ANSYS Fluent can be seen. Polyhedral
meshes are preferred due to their advantages such as faster
convergence with fewer iterations, the accuracy of wall
shear stresses, and shorter computation time compared to
the tetrahedral mesh method.

(©)
Figure 3. (a) Detailed view (b) Rear Isometric view (c)
Front Isometric view of polyhedral meshing
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The inlet flow is assumed as isothermal and
incompressible, and the velocity of the air is set to 27.78,
22.22, and 16.67 m/s, respectively. The velocity values for
the vehicle aerodynamics were performed according to the
competition time as given in the rules completing for one
hour. Therefore, according to racing track length, velocity
was selected as the range of 16.67, 22.22 and 27.78 m/s.
Also, the car body, ground plane, and wheels are defined
as no-slip wall. At the outlet, the boundary condition is
selected as a pressure outlet with a gauge pressure of 0 Pa
[14-16]. There are approximately 2984497 polyhedral cell
and 4459322 nodes in the model. In Figure 4, inlet and
outlet region of the mesh structure can be seen.

N

utlet
@

Figure 4. (a)lInlet area, (b) outlet area for meshing

(b)

2.3. Mathematical Model

Laminar and turbulent flow are the two different forms of
the flow. Laminar flow is defined as fluid particles are
moving parallel to each other at a constant speed and
without or smaller mixing condition with each other. On
the other hand, turbulent flow is a kind of fluid motion
that is described by chaotic changes in flow velocity and
pressure [17-19].

Thus, the flow around the vehicle body can be defined by
Navier-Stokes equation as given Eq.1 [20]:

aui aui _
P(g"'uja—xi) = +fi

Where u represents the velocity, t is the time, x is the
position, P is the pressure, and p is density in kg/m®. In the
numerical model, k — ¢ turbulent model is used and
transport equations for standard k — ¢ turbulent model can
be written as Eq. 2:

B 4,00

N ax,-

)

axjaxj

0 0 LR TRY S e
2 (Pl + po” (pkuy) = o [(p + Gk) axi] + Gy + G — pe— Yy +Sc(2)

In these equations, G, is the generation of turbulence
kinetic energy due to buoyancy, Gy represent the
generation of turbulence kinetic energy due to the mean
velocity gradients, Y, describes the contribution of the
fluctuating dilatation incompressible turbulence to the
overall dissipation rate. Cy,, C, and Cs, are constants. oy
and o, are the turbulent Prandtl numbers for k and e,
respectively. Sy and S, are user-defined source terms. Cs is
the skin-friction coefficient.

To model dissipation (¢) Eq.3 can be used:

[l [ [ [ 2
08 + % (peu) = o1+ 2) 35| + €10 £ Gu+ Carin) — Caop 5 50 (3)

To model shear stress (t,,) on the wall Eg.4 can be used
[21]:
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— cprereestream

= St freestrean @)
Conservation of mass, momentum, and energy are
fundamental equations for CFD calculations [22]. Eq.5
can be used to calculate Reynolds humber as below:

Tw

(®)

In this equation, V represents velocity of the fluid in m/s,
p describes dynamic coefficient of viscosity in N.s/m?,
and L is the characteristic length in m. Reynolds number is
a dimensionless number that can be used to describe the
flow of fluid[23].

Aerodynamic drag forcé-ift;) causes more resistance force
in passenger automobiled at higher speeds. It is a resistive
force that affects the performance of a vehicle. Also, this
component of resistance might become overpowering at
high speeds [24]. Thus, vehicle developers have challenge
to reduce drag resistance. In Figure 5, F4 and lift force (F,)
regions can be seen.

Drag «—_—— _ e
R P o

I\ \‘\ !‘f

A 1 |
N | /

L :— Drag
/,

Figure 5. F4 and F_ on the vehicle body.

F4 is known as the force parallel to the flow direction. The
drag coefficient (Cy), which is a dimensionless number, is
given as Eq.6 below:

— 2Fy
pV2A

d (6)

Where Fy is drag force in N, p is density in kg/m®, V is
velocity in m/s, and A is the refence area in m. Reference
area of the model can be seen as given in Figure 6.

Total Area:1.20054

Figure 6. Reference area

The Cq4 of the vehicles are approximately 1.0 for large
semi-trailers, 0.4 for minivans, and 0.3 for passenger cars
[25]. The component of the aerodynamic force
perpendicular to the direction of flow is defined as the F,.
F. is very important to ensure the controllability of the
vehicles and as the speed increases. The lift coefficient
(Cy) is a dimensionless coefficient that relates the lift
created by a lifting body to the fluid density over the body,
the fluid velocity, and a reference area can be calculated
by Equation (7).

Fy
12
2pV A

Y]

CL:
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In Table 1, the solution parameters for the Ansys model
can be seen.

Table 1. Fluent solver parameters

Solver Fluent
Formulation Implicit
Time Steady
Temperature (K) 288.16
Velocity (m/s) 16.67 ‘ 22.22 ‘ 27.78
Area (m?) 0.60027 (Symmetry)
Velocity Formulation Absolute
Gauge Pressure (Pascal) 0
SST-k- £ Realizable-
Turbulence Models .IIE.?Q ;rr]r(\:sr?twa"
SST—k-w
Scaled Residuals 10
Fluid Type Air
Fluid Density p =1.225 (kgm®)
PIeferies \;iscosity (kg/m- | 1.7894e-05
s

3. RESULTS AND DISCUSSION

CFD-Post software is used to determine streamlines,
pressure, velocity distributions, velocity vectors, C4 and
pressure results. In Figure 7, streamlines and velocity
display can be seen around the vehicle body.

Figure 7. Streamlines and velocity display

To understand the flow around the model, a flow
visualization test was performed in the Ansys Post-
processing .The flow analysis on the vehicle is performed
on three different inlet velocity such as 16.67, 22.22,
27.78 m/s to get the results for the Cg4,and C,.

For 16.67 m/s inlet velocity, it has been observed that the
Fqs of the vehicle decreases with the Cy and Ci,
respectively. Cy, and C_ are became stable after 100
iterations and the residual graph is converged. Cqand C_
are calculated as 0.1818, and 0.09531, respectively. In
Figure 8, at 16.67 m/s, pressure, turbulent kinetic energy,
velocity magnitude, and wall shear stress can be seen.
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(d)
Figure 8. (a) Pressure, (b) Turbulent Kinetic Energy , (c)
Velocity Magnitude, and (d) Wall Shear Stress figures at
16.67 m/s

Figure 8. (a) shows the pressure contours over the vehicle
body and the maximum pressure occurs front surface of
the car. The minimum pressure value occurs in the
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separated flow region. This is due to the fluid's velocity
being close to zero in these regions. Pressure values at low
speeds, relatively lower than at higher speeds. According
to the pressure distribution on the symmetric surface, the
maximum and minimum pressures are calculated as 153
Pa and -93 Pa, respectively. Figure 8. (b) shows the
contour of turbulence kinetic energy on the symmetry
plane. Figure 8. (c) represent the velocity streamlines in
the symmetry plane. Figure 8. (d) shows the wall shear
stress distribution in the body. The stress values are small
which is around 0.2- 2 Pa in the vehicle body. Separated
airflows may occur in the shear stress which are close to 0
point like wheel and underbody of the vehicle. The vortex
under the vehicle not only increases the aerodynamic drag
but also increases the pressure drag by changing the flow
area behind the vehicle.[26]

Cqy, and C, are became stable after 125 iterations and the
residual graph is converged. C; and C_ are calculated as
0.1801, and 0.0939, respectively. These C_ and Cq values
show better aerodynamics characteristics when the car
move faster. In Figure 9 shows the pressure, velocity,
turbulent kinetic energy and wall shear stress distrubution
of the vehicle body at 22.22 m/s.

Figure 9. (a), and (c) shows the pressure contour and
velocity magnitude all over the vehicle body. According to
the pressure distribution on the symmetric surface, the
maximum and minimum pressures are calculated as 270
Pa and -180 Pa, respectively. As shown in Figure 9. (a)
pressure values are increased by velocity increment. The
maximum value of turbulence kinetic energy was found in
the vehicle's rear section. As seen in the Figure 9. (d) wall
shear stresses increase with respect to speed especially on
the front panel and rear side of the car body.

The C4 and C_ are calculated as 0.1788 and 0.0926
respectively. C_ is decreased from 0.0939 to 0.0926. In
Figure 10 shows the static pressure, turbulent Kinetic
energy, velocity and wall shear stress can be seen. As
shown in Figure 9. (a) pressure values increase due to
velocity increment. The maximum and minimum
pressures are calculated as 300 Pa and -240 Pa,
respectively, As seen in the Figure 9, wall shear stresses
on the rear side of the vehicle is close to 0 which may
occur separated airflows with respect to the turbulence.
The stress values are small which is around 1.2- 4 Pa in
the vehicle body. The results of the C4 and C, at different
speeds and turbulence models can be seen in Table 2.
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(d)
Figure 9. (a) Pressure, (b) Turbulent Kinetic Energy , (c)
Velocity Magnitude, and (d) Wall Shear Stress figures at
22.22 m/s

Table 2: C4and C, Results in turbulence model SST-k- ¢
Realizable — Enchanced Wall Treatment and SST-k-»

Velocity (m/s)
RESULTS
16.67 | 2222 | 27.78
SST-k-¢ Cq | 0.1833 | 0.1823 | 0.1636
Realizable-
Enhanced Wall | ¢, | 0.1684 | 0.1674 | 0.1140
Treatment
Cq | 0.1818 | 0.1801 | 0.1788
SST—k-m
C. | 0.09531 | 0.0939 | 0.0926
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As seen in the Table, in the higher speed, F4 increases.
This increment occurs at the front of the vehicle. As can
be seen from the table, Cq in terms of fuel consumption at
22.22 - 27.78 m/s shows more efficient driving. On the
other hand, the air inlet from under the vehicle exerts
pressure to lift the vehicle up, so in case of any bending,
the vehicle may be easily skidded, and it may cause rolling
over during the road driving. For this reason, automotive
developers are tried to increase the downforce by giving
curvature to the infrastructure of the cars. As given in
Table 2, the C_ value for this vehicle is calculated as
between 0.00201 and 0.00719. The results were compared
with another turbulence model, SST k-, and it was found
that there is no any significant difference between the
results.

Figure 10 (a), and (c) shows the pressure contour and
velocity magnitude all over the vehicle body. According to
the pressure distribution on the symmetric surface, the
maximum and minimum pressures are calculated as 270
Pa and -180 Pa, respectively. As shown in Figure 10 (a)
pressure values increase due to velocity increment. The
maximum value of turbulence kinetic energy was found in
the vehicle's rear section. As seen in the Figure 10 (d) wall
shear stresses increase with respect to speed especially on
the front panel and rear side. In higher speed values, Fyq
value is increased. The aerodynamic F4 on the vehicle are
dominant at 22.22 -27.78 m/s speeds, which is an
important place in flow analysis. Therefore, the Fy4 and
aerodynamic frictions in the wvehicle is important
parameter for fuel consumption which is desired to reduce
pressure on the front vehicle. F4 on the car is around 40-60
N at 22.22 and 27.78 m/s. It has been observed that due to
the turbulence regions formed at high speeds the graph is
more difficult to converge than at low speed.

The Cq4 have closer results compared to the Fg. It can be
also observed that the same situation caused by the
turbulence zone is obtained in Cq results. When Cy value
of the vehicle has increased, fuel consumption increases,
also performance losses occur. As a result, Cq4 is computed
approximately 0.17 at 22.22 — 27.78 m/s. For this reason,
the Cq4 has an important place for automotive industry.
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(d)
Figure 10. (a) Pressure, (b) Turbulent Kinetic Energy, (c)
Velocity Magnitude, and (d) Wall Shear Stress figures at
27.78 m/s

4. CONCLUSION

The aerodynamic characteristics of the body shape of the
VoltaCAR, which was produced to participate in the
TUBITAK Efficiency Challenge race, is realized in 3D
numerical model using ANSYS Fluent software. This
vehicle design was conducted according to the race rules.
For numerical modeling, the mesh method was preferred
as polyhedral, thus shortening the solution time and faster
converge for the solution. The static pressure is calculated
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approximately as 270 Pa on the front side of the vehicle
and between 67-120Pa on the vehicle body at 22.22 m/s.
Also, the static pressure which is on the front side of the
vehicle has increased approximately 400Pa, and in the
vehicle body, it is between 55 and 150 Pa at 27.78 m/s.
The pressure created by the air affects the front of the
vehicle. It is distributed to the lower and upper sides along
with the slope in the vehicle design, thus allowing the
wind to flow more smoothly, thereby reducing the
pressure. Depend on the speed, there is 50% much more
static pressure is obtained on the front of the vehicle, but
this increase is lower than the vehicle body. Thanks to
these results, the pressure increase of the vehicle body is
minimized. On the other hand, Cd of the car model is
calculated as around 0.17 at 22.22 and 27.78 m/s. As a
conclusion when increasing the speed, the Cd decreases,
but the Fd and pressures at the side of the vehicle increase.
Passenger vehicles have an average C4 of 0.25, the Cq4
computed for this vehicle design is much lower depending
on its speed. As a result, the most efficient fuel
consumption range for this vehicle was determined
between 22.22 and 27.78 m/s. For the race conditions,
these parameters can be further improved by optimizing
critical points of the flow with aerodynamics experimental
studies.
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