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Abstract

The trend nowadays is towards communication and the way to communicate between the
source and destination remotely. This work presents a new technique to communicate among
different locations, either automatically or based on notification request. The work
methodology was proposed to connect among FOUR different locations and store the data of
each individual location periodically. For more applicability, the data chosen to be shared
between the four locations are the substantial weather station items identified by
(Temperature, Humidity, and Wind speed). Hereby, the tendency is to design robust real time
weather station system in order to realize climate conditions at the proposed locations.
Finally, the communication module that was chosen to run the system is Arduino

microcontroller GSM shield.

Keywords: GSM Arduino Shield, Microcontroller Applications, Wireless Weather Station,

Database System, Data Acquisition Module.

Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq

E,——
1



mailto:uokirkuk.edu.iq/kujss
mailto:sarmadnmahmood@gmail.com

77 \\ KirkuR, University Journal /Scientific Studies (KUJSS)

i 4 Volume 13, Issue 2, June 2018, pp. (1 - 17)
s ISSN: 1992-0849 (Print), 2616-6801 (Online)

Agallal) L) Cilaghia Bang alidiuly (uihall AEEAY )ypdil) A8)5e

dgana Aj e dapw
@hadl, 88 ,Z\.ulel\ last) ;\,'\.\S , Cilulad) @l Ay é\.ué

sarmadnmahmood@gmail.com

uadlal)

V1 Glay Ladie Lasead 5aV) ALY 6 las syfidly degad) cVladl (o VLN cVlae Casal
Aay)) by Aoleal Baaa G080 (mjegs (HL Cinad) B L cliiadly Cplupall (e (pme 230 g Lo clild) AS L
Sle Taldie) g 313 IS5 26 il oda o Joanll lgy Lad calilall 38 Liay andl) Leany po dilide (SLl
Aanlill il ity il 3halie dayy) o Ll A HUai Jayy Tag da el 3840 Lngie o) L oOle) (b
Cililadl o3 o) SAL s asly e 8 lgamns ge lilall oda A3jliey A8 Lie L gy50 ISy Ailaia JS (s
Gl iliaie o) s Cilagl laia pe 3l Ay Aelal) Guilall Clisatie G lggle Jpanl)
dibide oSk ey JalS JSiy 5)Sall Gadad - Ll Gubias dash)ll Bihall Gasatie oo Sl a8 daddiid)
i) ity gy Sy (uilall Dby A)lae s Ay Laladly e s e Bapdll lafil) aa) Jaall Gphll s
s 8 aswsall el Caan (3t lly Aol L)l sanl) o ) 8)LaY) (San il Adidin (g} dogliia
- s ¥ lasatia ae A8 gially GSMalanall Y LadU allal) aUail)

3any ,cbly sac 8 3oy AL Lkl s ,cileSatial clinks ,GSM cilSaia cilag) :AIA) cilalsl)
ceabild) L)

Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq

E,——
2



mailto:uokirkuk.edu.iq/kujss
mailto:sarmadnmahmood@gmail.com
mailto:sarmadnmahmood@gmail.com

\\ KirkuR, University Journal /Scientific Studies (KUJSS)
f i Volume 13, Issue 2, June 2018, pp. (1 - 17)
4 ISSN: 1992-0849 (Print), 2616-6801 (Online)

1. Introduction

The prediction of the climate conditions started officially since the nineteenth century, and
subsequently is improved to measure and record data in reality with respect to a specific
location, dominated by atmospheric circumstances. The term Weather Station System is
denoted by WSS, considered the nominal strategy that measures the parameters of the climate
conditions with respect to the dominations of the atmospheric conditions [1,2]. The
atmospheric conditions might be encountered to dominate a specific location either in sea
zones or in the land. Hereby, several sensor modules are required to measure and realize the
situation of the climate for study and forecast issues. The data chosen to represent weather
situation provides opportunities to confirm the usability of a specific location for any kind of
project establishment. It has to be mentioned, that weather station systems are mostly
fascinated and excited by three weather appreciation elements identified by Temperature,
Humidity, and Wind Speed, which they are denoted as T, H, and W respectively. The
identified weather items differs from location to another specially in the places that are
located under the domination of high grade sun incidents based temperature, coastal areas
based humidity, and highlands — mountainous terrain where the speed of the wind is
considered substantially plentiful [3]. It is worth mentioning that atmosphere phenomenon
effects hardly on the climate in case of very small alternations. That is, it can be concluded
that there exists huge problem based far-future weather prediction, while the predication is
possible for few days [4, 5].

In this paper, weather station information is transferred through a new communication
technique from four different locations based on SIM900 — GSM Module. The GSM module
is a wireless communication medium that transfers data over long or short distances between
a source and destination without using wires. Generally, such a communication medium is
classified inexpensive and suitable to be applicable over wireless communication techniques.
In this paper, the realized data is transferred wirelessly based on GSM module over long
distances among four locations, by a notification request triggered form a mobile phone. In
details, the proposed system was named by Weather Data Accumulation Center, which is
denoted by WDAC and constructed of four WSS equipped in four locations. Each WSS
module holds the proposed weather sensors in order to report the climate condition of the
proposed location depending on a request from the mobile phone. For more clarity, weather
data accumulation center WDAC is considered as the monitoring room that controls the four

locations remotely [6, 7].
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2. Weather Station System Components

The components that realize the data signal and the information required to construct the
proposed unit are specified by:

1. Arduino UNO.

2. DHT11 Sensor.

3. Wind Speed Meter.

4. SIM900 GSM Module.

2.1. Arduino Microcontroller

Arduino microcontroller is an open source electronic board fabricated in several forms
identified by Arduino mini, Uno, Mega, Nano ...etc. Arduino microcontroller is a friendly
board and easily compatible with the hardware and software [4]. The proposed electronic
board deals with several sensors as inputs to manage data transfer efficiently. In addition, it
deals well with motors, lights, specific kits, and some other actuators. The main controller in
Arduino board can be seen equipped on the top named ATMEGA [8], which is considered the
sector that holds the programing code in order to dominate the other parts of the board. For
more clarity, the proposed microcontroller is shown in Fig. 1 to expose the names of the ports

in reality.
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Fig. 1: Arduino UNO Board in Reality

2.2. Temperature — Humidity Sensor (Dht11)

The sensor is dented as DHT11, measures both the temperature and humidity in an
individual unique model. The sensor is constructed of three terminals identified by VCC,
GND, and Data. It is worth mentioning that Data pin of DHT11 sensor can be connected
either to the analog or digital pins of Arduino board. However, signal calibration based analog
pins can show higher awkwardness comparing to digital pins. The mining processes of the
digital signal in theses sensors ensure great and perfect reliability and stability. Moreover, the
sensor supports humidity resistive component and the Negative Temperature Coefficient NTC
that can easily deal with the 8 — bit microcontrollers as shown in DHT11 specifications [9] in
Table 1. In contrast, high response, perfect quality, energetic ability, and low cost are

effectively realized.
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Table 1 : DHT11 Specifications
Parameters Condition Minimum Typical Maximum
Humidity
) 1%RH 1%RH 1%RH
Resolution i
8 Bit
Repeatability +1%RH
25°C +4%RH
Accuracy
0-50°C +5%RH
Interchangeability Fully Interchangeable
0°C 30%RH 90%RH
Measurement Range 25°C 20%RH 90%RH
50°C 20%RH 80%RH
) 1/e(63%)25°C,
Response Time (Seconds) ] 6S 10S 15S
1m/s Air
Hysteresis +1%RH
» _ +1%RH/yea
Long — Term Stability Typical
r
Temperature
; 1°C 1°C 1°C
Resolution i i i
8 Bit 8 Bit 8 Bit
Repeatability +1%RH
Accuracy +1°C +2°C
Measurement Range 0°C 50°C
Response Time (Seconds) 1/e (63%) 6S 30S

The DHT11 module as shown in Fig. 2 is constructed of three terminals specified by VCC,
GND, and Data. The mapping configuration between the terminals and the microcontroller is
connected correspondigly such that VCC is attached to 5V of the Arduino, GND to GND, and

Data pin is attached to one of the digital pins in Arduino board.
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Fig 2: Temperature — Humidity DHT11 Module

2.3. Anemometer — the Wind Speed Module

The anemometer module is employed to measure the strength of the wind blowing up, in
order to obtain the minimum and the maximum wind speed with respect to the generated
voltage. Wind speed meter measures and provides the microcontroller with the generated
signal competently in particular if fastened outdoor. The proposed meter creates the other
third ultimate side of weather station attributes in this work. It is employed in order to
measure, store, and demonstrate the wind speed in (mph) of a local specific location.
Moreover, the Arduino code is proposed to show up the maximum wind speed measured
lastly such that if the wind blown up hardly in a precise moment, the max value of the wind
that time is stored and shown in the part assigned to measure the peak point of the wind. The
peak value of the wind differs from time to time depending on the maximum wind strength,
which is proposed to be stored in the database system and shown alongside over the
corresponding mobile phone, through an acknowledgment sent to the GSM module; as long
as there exists no greater read than the last value is assigned. The working principle of the
proposed wind speed sensor depends considerably on the construction of the tidy anemometer
shown in Fig. 3.
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The interior structure of the device is constructed of a DC motor that works in synchronous
with the revolving cups rotation as shown in Fig. 3. The rotation of the revolving cups gives a
synchronous moving to the DC motor due to the pole combination between the motor and the
Hub which carries the cups. As a reminder about the characteristic of a DC motor, the motion
and the energy are reverse proportional, this means that the motor can generate mechanical
rotation/motion if it is provided by power, and can work as a voltage generator if the rotor
excited by mechanical motion. Hereby, the wind speed sensor attached to the analog pin of

employed Arduino board. Finally, the specification of the employed anemometer is clarified

as shown in Table 2.

Kirkuk, University Journal /Scientific Studies (KUJISS)

Fig. 3: Anemometer Interior Structure

Table 2: The Proposed Anemometer Specifications

Output Range Start Speed | Resolution | Accuracy Max Speed
\ m/s m/s m/s m/s m/s
04-2 0.5-50 0.2 0.1 1 70
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2.4. Arduino Gsm Shield Module

The three proposed weather station items are ordered and managed in order to be sent via
Arduino GSM shield module. The employed GSM in the system is identified by SIM900
Arduino GSM shield module, which is also called Quad — Band GSM/ GPRS unit. The
proposed SIM900 GSM module shown in Fig. 4 can work over four frequencies specified by
(850 MHz, 900 MHz, 1800 MHz, 1900 MHz) in order to provide (Voice, SMS, Data, Fax)
services respectively with inconsiderable power consumption [6]. The standard proposed
system uses SMS service; hence, 900 MHz frequency is put in charge. The GSM modem is
modeled to be worked normally when provided with 3 — 5 Volt external power, which makes
the modem to be interfaced competently with several friendly microcontrollers such as
(Raspberry Pi, PIC, and Arduino). In addition, Tx / Rx symbol rate of SIM900 GSM modem
is specified between 9600 — 115200 bit / second, which makes SMS or Data acknowledgment
broadcasting through the mobile phone more applicable.
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Fig. 4: Arduino GSM Shield Module

3. The Proposed Methodology

The connection scheme in Fig. 5 assembles the sections of WSS, in order to generate the
proposed data items. It is worth mentioning that the output terminals of the anemometer
consist of three wires identified by positive in red, negative in black, and signal terminal in

yellow. As an important point, the proposed anemometer needs external separated power
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(battery) in a range of (9 — 24) Volt, knowing that (18 VDC) source does not demonstrate
difficulties. The red terminal is attached to the positive terminal of the battery, the black
terminal is common between the Arduino GND and the negative terminal of the battery,
finally the signal terminal denoted by the yellow wire is attached to the analog pin Al of the
Arduino. The amount of voltage generated by the rotation of the cups is handed up to the
analog pin of the Arduino and hence the wind speed is calculated based on definite formulas
represented by Arduino IDE code. For more specificity, the connection schemes in this work

are assembled in Fritzing program.

Fig. 5: Weather Station System Combination (WSS)

The next stage discusses, Arduino code formation to control the proposed anemometer
model such that, a conversion factor based sensor read is calculated in order to map the analog

read of the sensor with voltage range of (0 — 5) volt depending on the following expression
[3]:

Max Dig. Read
Max Anlg. Read

Conversion Factor = 0.05 (D
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In addition, it is proposed based on the information in Table 2, that the minimum and the
maximum voltage of the module were specified in Arduino code as (0 — 4) Volt, in order to be
mapped to minimum and maximum wind speed of (0.2 — 70) mph respectively. For more
clarity, it is intended to represent the identified mapping relations as shown in the following
set of equations:

Mapp [Min Voltage — Min Speed] = Mapp [0 — 0.2] (2)
Mapp [Max Voltage — Max Speed] = Mapp [4 — 70] 3)

The remaining elements of weather monitoring system are realized by the DHT11 sensor
that shown in Fig. 5. As mentioned before, the sensor is constructed of three terminals, VCC
is attached to the 5V of the Arduino board, Data is attached to D5 of Arduino, and GND to
the GND of Arduino. As a proposal based this work, the system identified by WSS can be
copied four times in order to be equipped in four different locations to create (WDAC).

4. Weather Data Accumulation Center (WDAC)

The term weather data accumulation center WDAC is the center that collects the required
data from the sensors with respect to the microcontroller through the proposed network
medium as shown in Fig. 6. As mentioned before that each WSS is constructed of the
identified sensor models DHT11, Anemometer alongside with Arduino UNO microcontroller
and SIM900 GSM module. The components that generate WSS sectors were equipped in four
different locations / citiesat Iraq identified by Kirkuk, Erbil, Sulaimanya, and Dohuk, which
represented for simplicity as (A, B, C, and D)respectively. The communication medium that
gathers information and connects the identified locations with each other as a unique network
in order to create the entire WDAC unit is the SIM900 — GSM module. The main
methodology starts in this point as a spotlight for this research paper, such that each WSS
returns the realized data back in each location remotely to the accumulation center represented

by a mobile phone.
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Fig. 6: Data Transportation Medium Based GSM Network

To be more precise, whenever a notification request is sent by the phone to one of the
proposed locations, the realized data will be forwarded up to the phone declaring weather
situation of the corresponding area. In this paper, the notification request is arranged in
Arduino IDE code and linked programmatically with the word “STATUS”, so that once
“STATUS” is sent by the phone as an SMS, the locations will be excited accordingly.

5. R — Language Simulation Results

The language that is denoted as R, is programming language or software ground area as
named recently. The language applies a lot of capabilities and operations over the
corresponding data to enhance — manage data entry in order to report the improved data
analytically, textually, and beneficially data visualization as graphics [3]. In addition, R —
Language graphically supports numerous programs such as C, C++, SQL, FORTRAN, etc
[10]. The results in this work depend merely on data visualization feature based R —
Language. As a confirmation, it is intended to record the realized results by WSS modules

with respect to each location, every one hour form (4 pm — 8 pm).The realized weather station
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elements basedonthe proposed locations are arranged as exposed in Table 3, and visualized by

using R — language as Fig. 7.

Table 3: Weather ConditionResults at EachLocation

TIME (pm) H (%) T (°C) W(mph)
Location — A —
04:00 5 44 7
05:00 11 40 13
06:00 14 38 24
07:00 18 33 12
08:00 21 30 11
Location - B -
04:00 6 40 7
05:00 15 38 12
06:00 18 35 13
07:00 19 31 20
08:00 24 30 15
Location - C —
04:00 11 36 10
05:00 14 34 6
06:00 18 30 5
07:00 20 29 7
08:00 22 26 9
Location—-D —
04:00 6 39 7
05:00 12 37 8
06:00 16 36 15
07:00 19 34 20
08:00 21 30 16
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Fig. 7 :Weather Situation at the Four Proposed Locations

6. Programing Code Algorithm

Due to the complexity of the programing code and to excite the direct awareness in the
minds, it is intended to show the whole code as a simple flow chart shown in Fig. 8.Initially,
the system starts reading the sensors responsible for realizing weather conditions in each
individual location. A notification request will be recognized by checking the inbox of the
GSM model in WSS systems in order to reply the realized weather station data as an SMS
from the corresponding location. Finally, the entire loop keeps going over the same scenario

as long as the system is ON, otherwise the WDAC system is shut down as stated simply in the

flow chart.
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Fig. 8:The Programming Code as Flow Chart

7. Conclusions

In this paper, a distinctive model is invented in a low cost to monitor weather fluctuations
based notification request. The system module is designed to cover and combine four
locations in order to share their information remotely. For more clarity, it is proposed to

present the realized results as follows:

1. The design and implementation costs are inexpensive since the data transfer is
considered aperiodic depending on notification request from a mobile phone.

2. The climate conditions at the four proposed places are transferred through the GSM
module to the corresponding phone in a short time.

3. The realized weather information in the four locations are stored as a database system
with respect to WDAC idea.

4. The module is designed to be flexible such that, any phone uses a specific number can
be provided by weather station data.
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5. It is possible to realize weather data automatically by specifying time delay in the
programing code.

6. Finally, the proposed system can be used later as weather forecasting center.
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