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Abstract 

The main function of a greenhouse is climate adaptation by the side of the interior of the 

closed structure; it aims to produce a perfect condition for the development and growth of 

specific crops. It also ensures isolation and protection against harsh weather conditions 

and possible animal intrusions.  

This research proposed an Elman recurrent neural network prediction model to control 

the interior of greenhouses by considering four input parameters that influence the 

greenhouse. The input parameter considered is wind velocity, ��� concentration, outside 

temperature and humidity. This paper also considered the data acquisition technique for 

acquiring the parameter. The data used for developing the model also part of the research 

paper and acquired in the place of Addis Ababa by setting experiments in property of 

Ethiopian environmental and forest research institute. 

The data acquisition technique is very economical and done using the Arduino platform. 

The data after collected is filtered and normalized using the Min-Max normalization 

technique. Then scaled all the data to {0 1} and finally, the model is developed using 

Elman neural network. Several selection criteria for fixing the proper number of a hidden 

neuron are analyzed; 53 different criteria is tested based on evaluating the performance 

using different statistical error measurement. The design of a neural network is 

implemented based on these selection criteria using a convergence theorem. After 

implementation, to verify the effectiveness the proposed model simulation was conducted 

in real-time inside temperature and inside relative humidity greenhouse data. The result 

obtained a minimal MSE of 0.0218, MAE of 0.1016, and RMSE of 0.1477. 

The proposed model is simple, economical especially for developing countries, efficient 

for predicting with minimal error. These papers also include the comparison of other 

models with the proposed and summarized in the table. 

Keywords: Greenhouse Interior Control, Elman Neural Network, Prediction Model, 

Convergence Theorem,  
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

A greenhouse is a composed structure made up of stainless metal material, layered with 

transparent materials which provide the property to transfer the structure involved in a 

closed area, for the repression of a growing region for the vegetation. The function of a 

greenhouse is environment adaptation in the inside of built structure; it aims to generate a 

perfect condition for the development and growth of specific crops. It also ensures 

protection and isolation against harsh weather conditions and possible animal intrusions. 

In addition to these features, it used for obtaining a stable enhancement in quality and 

volume for the produce crop or vegetation [1]. The key point of the greenhouses is to get 

healthier conditions of environment for the plants that aim to grown. The earning of 

climate control is enhanced by the proper apparatus provided for suitable environmental 

condition. Methods expected at competently controlling the greenhouse climate 

environment be required to catch these influences hooked on account, and with the 

intention of is achieved by the utilize of models[2]. 

Greenhouses are nonlinear and powerfully united system and considered as Multi-Input 

and Multi-Output (MIMO) systems. It influenced by the outside climate environment and 

by a lot of further practical constraints. The outside weather which influences the 

greenhouse is wind velocity, ��� concentration, outside temperature, wind speed and 

outside relative humidity. In addition to this, the practical constraints are actuators like 

the ventilators or fan, fog systems, and heating systems along with others.  It is also a 

complex system which has mutually interacting entities like processes, components, 

agents, etc which are large.  Thus the combined effect of this complex system makes the 

activity non-linear and due to this we cannot derive the activities of individual entity from 

direct summation[3]. 
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For the control purpose and climate variables manipulation mathematical model is 

required to describe the dynamic behavior of the greenhouse. But the development of 

such a model is complex task because of the model development is depends on the 

inherent characteristics of the physical considered as the case. To describe this dynamic 

behavior of the greenhouses model we can classify the modeling methodologies into two 

[1]. 

The first classification is modeling based on Black-box methodology that is a method 

using input/output measurements taken directly from the process in our case from the 

greenhouse or data mining analysis to fairly accurate the behavior of a greenhouse. This 

technique useful and applicable in several ways: Polynomial adjustments, Artificial 

Neural Networks training [4], implementations of Fuzzy logic[5], etc. 

The second classification of methodology to describe the dynamic behavior is based on 

Acknowledgement modeling methodology. Unlike the first methodology it obtains a 

physical meaning of parameter implicated by the use of the differential equations. This 

methodology uses the previous knowledge of the system properties and dynamics to 

model the dynamics of behavior using differential equations. But the problem of this 

methodology is the number of unidentified parameters appeared is large. Due to this to 

get the suitable values test have to be conducted and requires instrumentation process 

which is problematical [1]. 

In this research a prediction model based on a neural network to control the inside 

environment of greenhouse is proposed because prediction plays most important role in 

development competitive environment predominantly in the areas distinguished by 

optimal condition climate environment. For better crop or vegetation production inside 

the greenhouse environment relative humidity and temperature plays an important role. 

This prediction model proposed to know the required equipment for the greenhouse to 

achieve the optimal condition by predicting the most wanted variables especially the 

relative humidity and temperature.  
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The proposed model result obtained using the online method and the data collection also 

apart of research in order to use genuine data and proof by using Arduino also acquire 

data. In addition to this in order to build the model, Elman neural network (ENN) type is 

used because the ENN is a recurrent neural network. It also analyzes the selection of the 

proper number of neuron for the ENN hidden layer in order to control over fitting data. 

This research paper aims to compare, apply and confirm the competence of the proposed 

model with another comparative model of different methodology reported in the literature 

done using the black-box model and modeling based on acknowledgment to be more 

specific the efficiency of various heuristic techniques. The proposed model compared 

with the reviewed reference is applying the ENN to predict the inside greenhouse 

environment variable namely relative humidity and temperature and it will give 

justification on results by establishing high performance intention on a real greenhouse 

system validation. Furthermore, these prediction models have the advantage to avoid 

economic and energy losses. 
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1.2. Statement of problem 

A model is considered necessary which will predict the inside humidity and temperature 

accurately for establishing an optimal control strategy in the greenhouse environment [6]. 

The proper neural network prediction model has been analyzed for a greenhouse 

environment. But, based on the literature reviewed in this research there is a problem in 

modeling. Thus solve these problems would helpful for greenhouse production. 

The first problem analyzed in this research the data acquisition technique used for the 

development neural network model. In some research papers, the data acquisition 

technique is not included because already used another data collected by other researcher 

and some researchers include data acquisition techniques used while developing the 

model. But in some paper didn’t state the actualization time of the sensor; it is important 

to know whether the data is redundant or not. In addition to this in some research, the 

number of sample data used for training, validation, and testing is small. 

The second problem is the performance evaluation criteria of the model. The modeling 

evaluation criteria used in some research are only Mean Squared Error (MSE) and get a 

low value. MSE is highly influenced by the number of sample considered in the model. 

Therefore we have to proof also by using other evaluation criteria. 

The third problem is the parameter considered in the input layer is small. In some 

research, only three input parameter is considered. Another problem is the criteria used 

for selecting the number of hidden neurons are poor. In some research, they didn’t 

consider the criteria and select randomly. But the number of neurons in the hidden layer 

highly affects the model performance. 
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Hence, we believe that there is a need in the greenhouse environment control in order to 

answer the above problems. The purpose of this research is to propose a system that is 

suitable for the greenhouse environment and to give solutions to the above problems. In 

order to answer the above problems, this research aims to set economical data acquisition 

techniques, gather redundant data and propose a precise black box predictive model using 

Elman neural network by considering different hidden neurons and evaluating the 

performance using three evaluation metrics.  

1.3. Objectives 

1.3.1. General Objective 
The general objective of this paper is to propose or investigate a neural network 

prediction model for the interior of the greenhouse environment. 

1.3.2. Specific Objectives  
 To propose an economical data acquisition technique for greenhouse and 

to collect environmental data   

 To propose the selection criteria for selection of the number hidden 

neuron  

  To propose a suitable black box predictive model for the greenhouse 

environment with appropriate evaluation metrics by considering four 

input parameters. 
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1.4. Significance of the Study 

Most advanced control systems currently still under research, and the control task is 

designed and performed based on mathematical models that describe behavior of the 

greenhouse which are dynamic. In order to describe this dynamic behavior of this 

greenhouse accurate data have to collect and this data must be seasonal. The first 

importance of this proposed research is to set an experimental setup for the data 

acquisition technique. 

The second importance of this proposed research is used as input for another researcher. 

Hence if there is best-collected data for the researchers the other task will be applying the 

different techniques and try to develop the best predictive model. 

This proposed research tries to apply neural network methods in the data acquisition to 

model the greenhouse environment in order to control and predict the inside relative 

humidity and temperature. Thus the third significance is to propose the best predictive 

model for predicted inside relative humidity and temperature of the greenhouse 

environment. 

The other Significance of this proposed research is in the greenhouse aspect. The 

proposed research is used to describe the greenhouse environment specifically inside 

relative humidity and temperature dynamic behavior through mathematical model this 

will help for improving crop production. 
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1.5. Scope and Limitation 

1.5.1. Scope  

The scope of this proposed research is to acquire seasonal greenhouse climate data 

both inside (relative humidity and temperature) and outside (wind speed, carbon 

dioxide concentration, relative humidity, and temperature) and by using this data to 

develop black-box model for predicting greenhouse environment specifically for 

inside temperature and relative humidity using Elman neural network.  

1.5.2. Limitation 

The limitation of this proposed research is all the data collected locally and in a 

specific place. This will limit another researcher to use the data for making another 

research that has a different environmental condition. 
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CHAPTER TWO 

LITERATURE REVIEW 

2. Introduction 

There is a lot of literature related to greenhouse modeling and control. According to[1] in 

this paper, the literature grouped into two based on the type of modeling methodology 

used. 

2.1. Black Box Model 

Raquel Salazar et al. [4] has proposed a system in a greenhouse. The greenhouse studied 

in Mexico which has generating production losses due to the variation in relative 

humidity and temperature. As a result, to keep from production losses the variables have 

to be control and stay to the optimal levels. To predict the inside relative humidity and 

temperature on the proposed greenhouse the paper has been applied black box model. 

Still, due to the non-linear relationships of variables the prediction model failed in the 

relative humidity predictions. In order to estimate this non linear variables powerful 

estimator implemented due to the excel at relationship in data or  uncovering patterns in 

this case  Artificial Neural Network (ANN) implemented. The paper used totally 14,490 

data patterns from this data they used 50%, 25% and 25% for training, verification, and 

testing respectively. The implemented ANNs explain 97% of the discrepancy of the 

greenhouse environment phenomena by using single hidden layer in ANNs investigated. 

But in this paper to predict the inside relative humidity and temperature, it uses only four 

outdoor variables namely relative humidity, temperature, solar radiation, and wind 

velocity. In addition to this carbon dioxide concentration also have an effect on relative 

humidity and temperature prediction. The performance assessment also poor only mean 

square error. The number of neuron in the hidden layer also used only 2n+1 where n is 

the number of input. However, the number of neuron in the hidden layer highly affects 

the result of the model. 
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Qi Liu et al. [7] proposed the WSN-based prediction model of microclimate in a 

greenhouse using both Extreme Learning Machine (ELM) and Kernel Extreme Learning 

Machine (KELM) algorithms. It introduces the wireless instrumentation and for neural 

network training a set of  algorithms implemented. It applied the ELM algorithm and 

KELM algorithm to predict the greenhouse environmental factors. In addition to this, it 

proved the ELM algorithm provide support for predicting environmental factor. It has the 

advantages of the global finest solution, faster training speed, and good generalization. 

The Black-box approach used for implementation of model and the prediction average fit 

between 82% and 97%. The best result presented is a MSE of 3.1305 units and this value 

is lower due to the implementation low number of sample. In addition to performance 

assessment, this paper only considers training speed. However, the training speed by 

itself cannot describe the model performance. It doesn’t state also the input variable in 

order to predict the internal relative humidity and temperature. 

Hugo Uchida Frausto et al. [8] proposed An (Neural Network-based Autoregressive 

model with external input) NN-ARX system as a model identifier. It considers only 

inside temperature estimations using function of outside air humidity and temperature, 

sky cloudiness and solar radiation. For the back propagation algorithm the Neural 

Network (NN) used as training method. The training data sets used for the model is the 

first week of winter and the second week of September. According to the paper the first 

week of the data set easy to simulate where as the second week of September be very 

difficult to model accurately without NN architecture using an Auto-regressive model 

with external input (ARX) or ARMAX model. The paper interprets the result using only 

graphically and seems good match between measurements and estimations. After 500 

iterations the winter trained model fit the value above 75% and for the September after 

200 iterations the trained model fit above 75%. In addition to this as the paper states, 

greenhouse climate control such a model necessarily implies the immediate insertion of 

feedback mechanism but the paper didn’t include. Finally, in this paper, it only predicts 

the temperature and the data sets used for training, testing and validation of the model are 

not measured. From this, we can say that the system has a poor data acquisition method 

and addition to less performance.  
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 Errahmani et al. [9] present decomposition of the fuzzy relation into sub relations, 

through a process of unfolding the fuzzy rules. It proposed an approach developed by 

using fuzzy clustering and was applied to a real greenhouse system which is nonlinear. 

The result discussed graphically and seems good performance in estimating both internal 

greenhouse environment that are relative humidity and temperature. From the graphical 

results the design considered for the temperature 20℃ but the graphical result reported is 

approach to 30℃ and for the humidity the parameter considered 70% but the model 

output adapted is between 80 % and 100 %. The performance of this method didn’t state 

numerically thus it was difficult to compare. 

F. Fourati et al. [3] presents multiple neural to control the greenhouse by training the 

model each cluster or subsystem using feed forward neural network types after the   

clusters are created. The cluster was created using ART2 classifier by decomposing the 

database of the greenhouse in to sub database to achieve the local models for the 

greenhouse considered. The ART2 classifier is a type of unsupervised learning which is 

used in this paper as a supervisor equivalent to the appropriate mode to choose the 

appropriate controller for the interior of greenhouse environment. This paper used four 

input parameter wind speed, outside relative humidity and temperature and solar radiation 

to identify the model but mostly focused on the simulation result from the controller. But 

from observing the simulation results discussed graphically the set point for the relative 

humidity considered 70 % but the result is between 40 % and 80% and for the 

temperature also there is big displacement variation.  

P.M. Ferreira et al. [2] proposed an offline method applied on online learning. It aims to 

incorporate both online method and offline method to accomplish the task of 

environmental control. The proposed method is to develop the model in a hydroponic 

vegetable production for the greenhouse interior temperature using radial basis function 

neural networks as a function of the inside relative humidity, outside solar radiation and 

outside air temperature. In order to evaluate the model, it uses a root mean square error 

(RMSE) performance assessment method and gets good value. But the error is lower due 

to the number of sample implemented to develop the model is lower which is 4257 input 

sample point. 

https://www.researchgate.net/scientific-contributions/81780722_A_Errahmani?_sg=E_9OY358axeCgIXY1VP_C7xcV7kPTVPvSuxEWmVGx2uf4uQ75h9ZEIjb0iG64nKoCXV2Rzw.AjB6jPQ83zpLa2EYvrRVAqlJga1G6DG67XHlFDhb6Um6xKkmZQ21VTlWRbY_c7eNz1HVZvXOtNF4fBQjvaqoKw
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A Manonmani et al. [10] present a neural network for the modeling and control using two 

control schemes non-linear auto regressive moving average (NARMA-L2) controller and 

neural predictive controller(NPC).  The type of neural network used for modeling is non-

linear auto regressive with exogenous input (NARX) using 500 input-output normalized 

data set. From this data set 70% of the data pair used for training, 30% of the data pair 

used for validation. The simulation takes a long time when compared with recurrent 

neural networks and used only Mean square error evaluation metrics and get the best 

result 0.285 by using a number of neuron in hidden layer nine. But this value came due to 

a low number of samples implemented. 

Fen he et al. [6] proposed A back propagation neural network (BPNN) application to 

modeling and analysis based on principal component analysis (PCA)  for the internal 

greenhouse humidity. It considers four input parameters that influence the greenhouse 

environment. The paper used only 800 Numbers of samples for training, validation, and 

testing with a proportion of 2:1:1 respectively to develop the model and the data set 

collected in the winter of north china. They use normalized data and scale between {0 1} 

but it used poor normalization techniques. The accuracy reached best is 85% with a low 

number of samples implemented.  
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2.2. Acknowledgement Model 

 Alfonso Perez-Gonzalez et al. [1] presents the combination of Differential 

Evolution(DE) and Particle Swarm Optimization(PSO) methodology for identification of 

greenhouse model parameter . The parameters identified for the greenhouse prototype 

using this methodology able to approximate the dynamic behavior of the system. For 

minimize the error different heuristic algorithm analyzed and finally based on the 

evaluation error the measurement and the estimation selected that achieve the behavior of 

set of parameter. The measurements taken for the model were collected using LabVIEW. 

They consider for the model both inside relative humidity and temperature and obtained 

the result from the model in online as well as offline optimization scenario. To select the 

performance of the model or algorithm mean square error calculus is introduced. But in 

this paper average fit on the prediction 93% of fit this is the worst value reached and he 

didn’t prove adaptation probability. 

Abdelhafid Hasni et al. [11] presents optimization of  the greenhouse model using a 

digital simulation-based genetic algorithm (GA) and PSO to control the inside relative 

humidity and temperature. The selected existing greenhouse had tomato crop and totally 

around 160 number of sample acquired to be identified by algorithm. The performance is 

evaluated using four calculus method and presents only the performance of the model in 

temperature in both algorithms. The best result identified using GA algorithm is a Mean 

Quadratic Error (MQE) 0.1341 and for PSO algorithm an MQE of 0.1280 units. 

Abdelhafid Hasni et al. [12] present the method for  selecting or identifying ventilation 

parameter specially the inside air temperature  based on PSO and GA ; this work is the 

predecessor of[11].It identify the parameters using the personal computer within a few 

second. The performance is evaluated using four calculus method and presents only the 

performance of the model in temperature in both algorithms. The best result identified 

using GA algorithm is a Mean Quadratic Error (MQE) 0.1854 and for PSO algorithm an 

MQE of 0.1376 units. 
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Lijun Chen et al. [13] proposes  robust model predictive control(MPC) for the inside 

temperature of the greenhouse which is non linear based on PSO. The controller has 

robustness due to the capability of PSO to solve the reformulated problem and satisfying 

the fitness of constraints.  By considering  the temperature only the simulation results 

shows it can achieve the set point using the proposed controller even if the disturbance is 

presented. In addition to temperature relative humidity also highly affects the greenhouse 

environment. 
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CHAPTER THREE 

MATERIAL AND METHOD 

3.1 METHODOLOGY 

To answer the questions reviewed in the literature, different methods and techniques are 

used. The proposed NN model that is ENN model should be perfect in order to challenge 

other models that are not so accurate models. The neural network involves at end stage 

for developing a model of greenhouse after the data was normalized and scaled for the 

process of training, validation and testing. Generally, four data are required as inputs that 

are outside temperature, outside relative humidity, wind speed and carbon dioxide 

concentration which are influence the smaller variable during the process of training. The 

minimum-maximum normalization technique going too applied to scale within the range 

of {0 1} to overcome the problem and to enhance the accuracy of the neural network 

model is used. In addition to this, the number of neurons in the hidden layer is considered 

and fix by selection criteria using a convergence theorem because it is important in the 

prediction of the greenhouse inside the environment[25] and the number of neurons in the 

hidden layer has an effect on learning a large scale data. In[26] the simulation result 

shows the number of neurons in the hidden layer is large as the connection of hidden and 

output is small. Due to this there exists the exchange in learning stability between input-

hidden and hidden-output connections. 

The network after training is evaluated in two ways by comparison of the predicted and 

actual greenhouse inside environment and by computation of statistical errors of the 

network using different performance assessment. Lastly, the inside greenhouse 

environment that is inside temperature and humidity using the proposed ENN model is 

predicted and after that controller is introduced. Generally the methodology applied in 

this paper shown in the Fig. 3.1 below.  
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Fig.3. 1: Flow chart of the proposed methodology 
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3.2 MATERIAL 

In order to follow the above methodology different material is used especially for 

installing the experimental setup. This material is intended for data acquisition technique 

in order to collecting the environmental data in both outside and inside the greenhouse. 

The materials used for DAQ and the nature of data output from the sensors are described 

below. 

 

A. DHT sensor 

DHT 11 and DHT 22 sensor is used for sensing  the relative humidity and temperature 

[16, 17]. It is programmed with Arduino Uno to read relative humidity, temperature 

values. After the sensor sense the greenhouse environment save it the file of an SD card. 

Thus we will read both inside and outside temperature, relative humidity and take data 

from SD card and import it to excel. In this research work, we use both DHT sensors 

because of the accuracy of the sensor. Both sensors have their own advantage and the 

product specification described in Table 3.1 below. 
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Table 3. 1: The characteristics of temperature and humidity sensor 

DHT11 temperature and relative humidity 

sensor specification 

DHT22 temperature and relative 

humidity sensor specification 

  

 Resolution on both temperature and 

relative humidity is 16Bit 

 Repeatability for the relative humidity : 

± 1% RH  

 Repeatability for the temperature: ± 

0.2℃ 

 Operating voltage: DC 3.5～ 5.5V 

 The  Sampling period for both 

parameter : more than 2 seconds 

 

 Operate voltage: DC 

3~5.5V 

 The output signal is Digital 

 The temperature range is 

from  -40 ℃ to 80 ℃ 

 Accuracy of temperature 

Measurement: ± 0.5 ℃ 

 Relative humidity Range: 

0~100%RH 

 Accuracy of humidity 

measurement: ± 2%RH 

 The size of the kit is a 

volume of  40 x 15 x 9 mm 

(L / W / H) 

 The hole diameter of the 

screw is  2.6mm 

 Weight: 6g 
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Fig.3. 2: The comparison between DHT11 and DHT22 sensors 

The procedure for the data logging is introduced after the comparison discussed in 

Fig.3.2 and starts from connecting the sensor to the Arduino. Then the SD Card module 

connected to Arduino. It can do read-write operations in via SPI protocol on SD 

Card. Thus the pin of the module is connected with the Arduino SPI pin. The pins 

connected to the module are 10, 11, 12 and 13 other than ground and power. The general 

connection of the Module and the sensor to Arduino is listed below. 

 pin 13 of Arduino to module of CLK 

 pin 12 of Arduino to module of MISO 

 pin 11 of Arduino to module of MOSI 

 pin 10 of Arduino to module of CS 

 Ground of Arduino to the module Ground 

 3V 3output of Arduino to the module of 3V3  

 5V output of Arduino to VCC of the sensor 

  Ground of Arduino to the sensor Ground 

 pin 2 of Arduino to DHT11 data pin  

 pin 8 of Arduino to DHT22 data pin  

https://electrosome.com/spi/


19 
 

After this connection done it was installed and the output is in degree centigrade for the 

temperature and in percentage for the relative humidity.   

B. CO2 sensor SKU: SEN0159 

The carbon dioxide sensor shown in Fig. 3.3 we used for acquiring is the first sensor in 

hardware market which compared with the open source market. It measures the co� 

concentrations in ppm (parts per million)[18].The concentration of the co� increases 

when the module output voltage is falls. The threshold of voltage is set by the designed 

potentiometer. The MG-811 gas sensor is highly sensitive to co� which is built in 

onboard and less sensitive to temperature dependency and low humidity, carbon mono 

oxide and alcohol. To insure the reproducibility and stability the components have an 

industrial quality. 

It needs calibration for the coding before actual measurement because it is an 

electrochemistry sensor. By providing stable power to the module and put in the area for 

48 working hour where the air is clean we get the ZERO_POINT_VOLTAGE. It is the 

voltage where the output of the sensor in volts when the concentration of co� is 400 

ppm[19]. 

 

Fig.3. 3: Picture of  co2 Sensor (Arduino compatible) SKU: SEN0159 
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Fig.3. 4: Connecting diagram of co2 Sensor 

 

Thus by setting the ZERO_POINT_VOLTAGE, in the sensor connected with Arduino 

like Fig.3.4  we get the carbon dioxide concentration value in ppm but the range is very 

high this is due to the carbon dioxide curve. The reason for this the combination of 

ZERO_POINT_VOLTAGE and REACTION_VOLTAGE but for future work this is the 

task that we are going to investigate the ZERO_POINT_VOLTAGE and 

REACTION_VOLTAGE value to minimize the range of the data. 

 

C. Inspeed Vortex Wind Speed Sensor 

This is a wind speed sensor by Inspeed shown in Fig. 3.5. It is intended for DIY users 

who want a very nice wind speed sensor at a very good price. It is durable, high speed, 

accurate (depends on the display used but 3-4% of reading), one pulse per rotation and 

Reed switch sensor. We put the sensor at top of greenhouse that is 4 meters and by using 

long wire we connect with Arduino to get the wind speed the data by converting the 

rotation into m/s. The datasheet indicates 1 rotation per second is equivalent to 2.5 mph. 
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Fig.3. 5: Picture Inspeed Vortex Wind Speed Sensor and its setup 
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CHAPTER FOUR 

DATA ACQUISITION AND PROCESSING  

4.1  Data acquisition 
There exists different data acquisition technique; but the objective is to install the 

experimental setup with low cost, to collect reliable and valid data and to use an Arduino 

platform application for data acquiring. 

A data acquisition (DAQ) system consists of a computer that has programmable software, 

DAQ measurement hardware and sensors. The data was acquired using sensors and 

Arduino as a DAQ device, then using a Universal Serial Bus (USB) reader imported into 

a computer[15]. But before installing to the selected greenhouse we test each sensor by 

uploading the program written using Arduino programming language shown below from 

Fig.4.1 to Fig. 4.4. After testing each program whether it working or not then go to next 

step installing the experiment. 

 

Fig.4. 1: Testing carbon dioxide sensor before installation  
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Fig.4. 2: Testing DHT22 sensor before installation 

 

Fig.4. 3: Testing DHT11 sensor before installation  

 

Fig.4. 4: Testing wind speed sensor before installation 
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4.1.1 Experimental setup 
According to[14] application-oriented greenhouse-climate models may be divided into 

two broad categories, namely, models for the existing structure of climate control, and 

models for the new greenhouses designed. In this research, we are going to use an 

existing structure. The experimental greenhouse is shown in the Fig. 4.5 below. The 

greenhouse is located at Ethiopian environmental and forest research institute central 

Ethiopia environmental and forest research center in Addis Ababa, 09º01'06.9'' north and 

038º49'07.3'' east. It is made up of glass and totally had a floor area of 200 m2. 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. 5: Block diagram of the experimental greenhouse 

 

The installation of the experimental setup starts in May 2019. The existing 

greenhouse shown in Fig.4.6 which is no sensor equipped as a data logger in both 

internal and external environment. Thus the installation is for the experiment is 

included all the sensor considered as the input output parameter namely external 

and internal relative humidity sensors , external �� �concentration sensors , 

external wind speed sensors and external and internal temperature sensors. We 

will consider all sensors and choose one sensor to determine sampling condition 

which has a slower time of actualization .this will help to avoid redundant data. 

 

 

 

 

Experimental 

greenhouse 

Outside Temperature 

Inside Temperature 
Outside humidity 

Inside humidity Outside co2 

Outside wind 

speed 
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The experimental setup takes more than 3 months and has been facing a lot of 

problems. The first problem is the resource problem. To do experiment the place 

where the device is installed and the device we are going to use have to available. 

In this research, both things are not available. For instance, the sensor used for 

acquiring the data is not available in the Ethiopia market thus we have to search 

and need help from others in order to get the sensor from another country due to 

this all the three sensors got from other country markets.  

 

In addition to this for the first trial, the power source is not available in the 

greenhouse; due to this we used battery shown in the fig but fails because the data 

collecting process takes a long time and the battery work for a short period of 

time. Then for the next time, it uses a power bank but it fails after some time due 

to the originality problem and we void the data because of time fluctuation of 

inside and outside environment. Finally, we install the power source in the 

greenhouse and start data acquiring but after that also some problem happens that 

we do not control; small ants surround the SD card module shown in Fig. 4.7 and 

the SD card fails. And then we change the damaged device and reinstall it finally 

done and acquired  
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(a) 

 

(b) 

Fig.4. 6: Picture of the existing greenhouse (a) the whole structure and (b) the place 
where the wind speed installed 

 

Fig.4. 7: The problem faced during the experiment 
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4.1.2 Data collection  

The data was collected from August 13, 2019, to August 23, 2019, for every 5 

minutes listed in Table 4.1 and another data was collected every 30 seconds listed in 

the Table 4.3 and Table 4.4 for more than one day. But we used the second data that 

are collected every 30 seconds because in the first data we have facing problem in 

wind speed; some of the data is 0 m/s but in reality, the wind speed is not zero.  

Table 4. 1: Sample of wind speed data collected from the experiment with a range of 5 
minutes 

№ Time Wind speed 

1 4:55:00 0.86 
2 5:00:00 0.17 
3 5:05:00 1.29 
4 5:10:00 0.05 
5 5:15:00 0.01 
6 5:20:00 0 
7 5:25:00 0 
8 5:30:00 0 
9 5:35:00 0 
10 5:40:00 0 
11 5:45:00 0 
12 5:50:00 0 
13 5:55:00 0 
14 6:00:00 0 
15 6:05:00 0 
16 6:10:00 0 
17 6:15:00 0 
18 6:20:00 0 
19 6:25:00 0.05 
20 6:30:00 1.04 
21 6:35:00 0.51 
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From the 18000 pattern available collected data for training purpose 50 % of the 

data, for verification purpose 25 % of data, and 25% for testing used. For the 

considered input parameter and output parameter to the neural network model shown 

in Table 4.2 below. 

Table 4. 2: Variable parameters to the proposed model that have been applied  

№ Input/Output parameters Parameters Range units 

1 Outside Temperature  12-44 Degree Celsius 
2 Outside Relative humidity 30-99.9 % 
3 Inside Relative humidity 59-100 % 
4 Inside Temperature  12-35 Degree Celsius 
5 Wind speed 0-16 Meter per second 
6 Carbon dioxide concentration -31000-31000 ppm 

 

Table 4. 3: Sample data collected as an output parameter from inside greenhouse 

№ Time  Temperature in ℃ Relative humidity in % 
1 0:00:00 19.3 93 
2 0:00:30 19 96.6 
3 0:01:00 19 97.3 
4 0:01:30 19 97.3 
5 0:02:00 19 97.1 
6 0:02:30 19 97 
7 0:03:00 19.1 97 
8 0:03:30 19.1 96.9 
9 0:04:00 19.1 96.8 
10 0:04:30 19.1 96.9 
11 0:05:00 19.1 96.8 
12 0:05:30 19.2 96.8 
13 0:06:00 19.1 96.6 
14 0:06:30 19.1 96.4 
15 0:07:00 19.2 96.3 
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Table 4. 4: Sample data collected as an input parameter from inside greenhouse 

№ Time Temperature 
in ℃ 

Relative 
humidity in 

% 

Wind 
speed in 
m/sec 

Carbon dioxide 
concentration in 

ppm 
1 0:00:00 22.9 89.5 3.48 -18148 

2 0:00:30 22.9 89.5 3.48 -16300 

3 0:01:00 23 88.9 0.02 25634 

4 0:01:30 23 88.9 0.09 -22706 

5 0:02:00 23 88.2 0.68 -16604 
6 0:02:30 22.9 88.1 0.39 -31376 
7 0:03:00 23 87.6 0.02 -29932 
8 0:03:30 23 87.6 0.02 -13616 
9 0:04:00 22.9 87.3 0.05 25634 
10 0:04:30 22.9 87.2 0.05 11988 
11 0:05:00 22.9 87 0.02 -12151 
12 0:05:30 22.9 87 0.02 32730 
13 0:06:00 22.8 86.7 0.02 -24534 
14 0:06:30 22.8 86.7 0.02 4730 
15 0:07:00 22.8 87.1 0.02 -17088 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

4.2  Data filtering 

This is the process of filtering and removing unaccepted data like no numeric value and 

remove the data out of the range of input parameters. This is done on python 

programming language we use pandas data analysis toolkit for data analysis, matplotlib 

toolkit for generating plot, numeric toolkit to store numerical values. We get both non

numeric values shown in Fig 4.8 

[20-22]. 

Fig.4. 8: 

After removing all this data we get 

and scaling will be shown

Fig.4. 9: Filtered

30 

Data filtering  

the process of filtering and removing unaccepted data like no numeric value and 

remove the data out of the range of input parameters. This is done on python 

programming language we use pandas data analysis toolkit for data analysis, matplotlib 

generating plot, numeric toolkit to store numerical values. We get both non

shown in Fig 4.8 and out of input parameter range value during filtering 

: Data filtered during the process from the sample

After removing all this data we get 2137 × 6 sample and the data before normalization 

and scaling will be shown in Fig.4.9, 4.10, 4.11, 4.12, 4.13 and 4.14 below.

Filtered outside temperature data collected on experiment

the process of filtering and removing unaccepted data like no numeric value and 

remove the data out of the range of input parameters. This is done on python 

programming language we use pandas data analysis toolkit for data analysis, matplotlib 

generating plot, numeric toolkit to store numerical values. We get both non-

and out of input parameter range value during filtering 

 

filtered during the process from the sample 

sample and the data before normalization 

below. 

 

outside temperature data collected on experiment 



 

Fig.4. 10: Filtered

Fig.4. 11: Filtered
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Filtered outside humidity data collected on experiment

Filtered inside temperature data collected on experiment

 

outside humidity data collected on experiment 

 

inside temperature data collected on experiment 



 

 

Fig.4. 12: Filtered

Fig.4. 13: Filtered carbon dioxide concentration data collected on experiment
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Filtered inside humidity data collected on experiment

carbon dioxide concentration data collected on experiment

 

inside humidity data collected on experiment 

 

carbon dioxide concentration data collected on experiment 



 

Fig.4. 14: 
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: Filtered wind speed data collected on experiment

 

wind speed data collected on experiment 
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4.3  Data normalization and scaling 

Normalization is a technique or a pre-processing stage used to find the new range 

from the existing range [23]. After the data was collected the essential part for the 

model is normalizes the data and scaled the data to the range of 0 to 1.This scaling 

technique is used to improve the accuracy of subsequent numeric computation and 

obtain better output. There are so many normalization techniques namely Decimal 

scaling normalization, Z-score normalization, and Min-Max normalization to scale 

the data  the thing required were which techniques is appropriate for our data . Thus 

referring to the application of normalization techniques, the min-max technique is 

used to provide linear transformation on original data due to the quality of the 

technique that does not introduce bias and all relationship of the data is preserved 

exactly. According to [24] the transformation used to obtain the normalized the data 

and the formula to get the normalized input is using equation 4.1. 

The normalized input using Min-Max technique, 

�′ = �
��������� ����� �� �

������� ����� �� ��������� ����� �� �
� ∗ (� − �) + �                       (4.1) 

Where �′=the normalized input 

             �=the range of original data or the actual input data 

           D=the predefined boundary of a maximum target value 

           C= the predefined boundary of a minimum target value 

The normalization is done using programming software python by and the code is in 

appendix 3 and the output after the normalization applied is plotted using graph in 

Fig.4.15, 4.16, 4.17, 4.18, 4.19 and 4.20. 



 

Fig.4. 15: Scaled

Fig.4. 16: Scaled
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Scaled outside temperature data used for model development

Scaled outside humidity data used for model development

\ 

development 

 

development 



 

Fig.4. 17: Scaled

Fig.4. 18: Scaled
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Scaled inside temperature data used for model development

Scaled outside temperature data used for model development

 

development 

 

development 



 

Fig.4. 19: Scaled

Fig.4. 20: Scaled

37 

Scaled outside temperature data used for model development

Scaled outside temperature data used for model development

 

development 

 

development 
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CHAPTER FIVE 

DEVELOPMENT OF NEURAL NETWORK MODEL AND 

CONTROL 

5.1  Overview of Elman neural network 

Every types of Artificial Neural Network (ANN) use different principles and have 

different strength. Usually most ANN has three layers, which are one hidden layer, one 

output layer, and one input layer. It consists of an individual node which is interrelated 

across layers   through functions which is non-linear and expressed mostly in respect of 

the connection weights and the nodal input variables. The output variables represented by 

the output layer and the variables represented the neurons in the output layer. The input 

variables represented by the input layer in ANN architecture and the neurons in the input 

layer represent the input variables that are used to predict the output variables. These 

variables are going to processed and give an output during the ANN architecture. 

Sometimes some researcher referred ANN technology as regression analysis which is as 

advanced type but the difference is stated in  the theorem of  Kolmogorov’s in [27, 28] .It 

states that a three-layer feed-forward neural network can represent any continuous 

function. Where n represent the elements in the input layer, m represent the output layer 

element the hidden layer element is calculated by 2n+1. In [29] the  Neural networks 

applied  in the area of agriculture for  detecting blood defects in eggs. The neural network 

in this case has accuracy to identify 91.1% of the parameter. Furthermore it applied in the 

energy problems which are the result indicates the application of ANN is a robust. The 

disturbance considered in this case is white noise but through disturbances the method is 

acceptable with tolerance thus the method for identifying energy problem is well-suited 

[30]. Another  authors used this method for the  optimal environmental control but when 

relates the ventilation rate to the outside conditions they found trouble involved in finding 

a physical [31]. But, in [32] Linker et al. presents optimization of greenhouse  using  

Neural Network . 
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Elman recurrent neural network which is shortly called Elman neural network is a class 

of artificial neural network which have inimitable strength in prediction. Elman neural 

network is a form of recurrent network models first proposed by Elman in 1990.ENN add 

recurrent links into hidden layer to learn, recognize and generate pattern like a feedback 

connection in addition to input, hidden, and output layer [33, 34].The recurrent layer used 

to store the feedback and keep in memory and reflects the information of both output and 

input layers after coping one-step delay of hidden layer and from the hidden layer output 

is taken. The hidden layer of this network is wider than the output layer and this is useful 

to store more information about the variables and give feedback for input.  

 

 

Fig.5. 1: Proposed Elman neural network model for the prediction of greenhouse 
environment 

For the inside temperature and humidity prediction model, the input parameter is outside 

humidity (Hog), outside temperature (Tog), wind speed (Wsg) and carbon dioxide 
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concentration (CO2g). Thus in the input layer four input nodes were built and the inside 

temperature and humidity predicted to form two the nodes in the output layer. 

Let W1=the weight between input and hidden layer 

      W2=the weight between hidden and recurrent link layer 

      WC=the weight between the layer of input and context  

The activation function for hidden layer and output layer considered is sigmoid and linear 

function respectively. 

             Let    � (⋅) be hyperbolic sigmoid activation function 

� (⋅) be purelin activation function;                     

The output and input vector pairs from the Fig.5.1 are as follows. 

(��, ��, ��, ��: ��, ��) = (outside temperature, outside humidity, wind speed, and carbon 

dioxide concentration:  predicted inside temperature, predicted inside relative humidity). 

(��, ��, ��, ��: ��, ��) = (���, ���, ���� , ��� :���� , ����), 

Where ���� is predicted inside temperature, ����is the predicted inside humidity. 

The input �(� −  1) multiplies � �by a hyperbolic sigmoid function and transmitted 

through hidden layer. Then network based on the previous record state output ����(�) 

and the current input ���(� −  1) learn the function and transmit the value of (�) by 

multiplying by purelin function with � � by purelin function through second connection.  

The ENN reflected by the past information after the result of training by fixing the 

neuron number using the proposed criteria. The model is proposed for prediction and 

estimation the greenhouse environment. The number of neuron in the hidden layer is 

fixed using the architecture shown in Fig.5.1 was: 

                                  Output vector, � =����� , �����.                                                     



41 
 

                                 Input vector, � = ����, ���, ���� , ��� �                             (5.1) 

From input to hidden vector the weight vector is, 

� �= [����, ����, … … . , ����, 

           ����, ����, … … . , ����, 

           ����, ����, … … . , ����, 

             ����, ����, … … . , ����]. 

From hidden to hidden recurrent link the weight vector is, 

� �= [����, ����, … … . , ����, 

              ����, ����, … … . , ����]. 

From recurrent link layer to input vector the weight vector,  

� �= [����, ����, … … . , ����, 

           ����, ����, … … . , ����, 

                                                                 ����, ����, … … . , ����, 

             ����, ����, … … . , ����]. 

Output, �(�) = �(���(�)) 

Input, � (�)  =  � (���� (�)  +  ��� (� −  1)) 

The input of the recurrent link layer, �� (�)  =  � (� −  1)                                       (5.2) 
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5.2  Proposed Algorithm 
 

 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 

Fig.5. 2: Algorithm for the proposed methodology 

 
 

 

 

 

 

 

Outside 

temperature 

Carbon dioxide 

concentration 

Wind speed Outside 

humidity 

Elman neural 

network 

Train the 

network 

End training 

Real inside 

temperature and 

humidity 



43 
 

5.3  Hidden neuron and network design 

Selecting  the suitable number of neurons for the hidden layer is a key problem that needs 

many experiments[35]. Designing the neuron in the network plays many roles in the 

performance of the network. The parameter for the network consists of a number of 

epochs and dimensions. The dimensions of number of output nodes and input nodes are 

to be designed and from the input nodes we design the hidden nodes and learn the 

training using the past data that is after normalization and scaling. The parameters in the 

input are four namely wind speed, outside humidity, outside temperature, and carbon 

dioxide concentration. In the proposed model one hidden layers were considered and the 

neuron in the hidden layer is fixed using the criteria proposed. Going to transmit the input 

the variables passing through hidden layer in order to multiplies the weight by a 

hyperbolic sigmoid function and in the second connection by the purelin function to 

considered as an output [35].  

 � (⋅) Adopted hyperbolic tangent sigmoid function plotted in Fig.5.3, and � (⋅) adopted 

linear function plotted in Fig.5.4, namely 

�(�) = tanh (�) 

                                                                                           �(�) = �                                                           (5.3) 

 

Fig.5. 3: Tan-Sigmoid Transfer Function 
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Fig.5. 4: Linear Transfer Function 

The process of training the network and reflected the past information in ENN until the 

minimum error is reached. The ENN is designed using the parameters listed in Table 5.1. 

Table 5. 1: parameters to design ENN 

ENN 

Input neurons 4(���, ���, ���� , ���) 

Output node 2(���� , ����) 

No. of hidden layers 1 

No. of epochs 1000 

Threshold 1 
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To get the minimal error 53 criteria were examined for the ENN model. For these various 

criteria, input neuron takes into account and tested in convergence theorem. These criteria 

are chosen using the convergence theorem finally the suitable number of neuron is 

selected and applied in ENN model development. After that, the ENN model was trained 

and we will compute statistical errors. To fix best number of a hidden neuron in the 

hidden layer for the model the minimal error is also considered. The performance of the 

network in each criterion is measured in MSE, (Mean Absolute Error) MAE and 

RMSE.To proof the chosen proposed strategy convergence theorem in future established 

in Appendix D. 

The performances of proposed model configurations were evaluated with a different 

statistical error. These statistical errors are expressed below: 

i. Mean squared error (MSE)  

Mean squared error measures the average of the squares of the errors between 

the actual value (����) and the predicted value (����).  

 

                                  ��� =
�

�
∑ (���� − ����)

��
���                                               (5.4) 

Where ‘n’ is the data count sequentially and ‘�’ is the neuron count sequentially. 

ii. Mean absolute error (MAE) 

MAE measures the magnitude of the errors on average in the predictions. It’s 

the average of the absolute differences between actual and prediction 

observation where all individual differences have equal weight and they 

doesn’t consider the direction of magnitude[36]. 

                                             ��� =
�

�
∑ |���� − ����|

�
���                                                  (5.5) 
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iii. Root mean squared error (RMSE): RMSE is measures the average 

magnitude of the error. It’s the square root of the average of squared 

differences between actual and predicted observed during the development of 

the model[36]. 

                                           ���� = �
�

�
∑ |���� − ����|

�
���                                               (5.6) 

Table 5. 2: The criteria considered for the development of ENN for fixing the number of 
nodes in the hidden layer 

 

№ Fixing criteria 
considered 

No. of  
nodes in 
the hidden 
layer  

MSE MAE RMSE 

1. 6(��  +  4)  +  2/��  −  15 122 0.999 0.2314 0.3161 

2. 7(��  +  5)  −  2/��  −  15 145 0.0476 0.1586 0.2182 

3. 5(��  +  4)  +  1/��  −  15 101 0.1079 0.2581 0.3286 

4. (10� +  1)/� 10 0.1085 0.2203 0.3294 

5. 3��  +  8/�� −  8 49 0.0883 0.2539 0.2971 

6. 6(��  +  4)/�2  −  8 15 0.2753 0.4665 0.5242 

7. 5(��  +  3)/��   −  15 95 0.1897 0.3295 0.4356 

8. 5(�� +  4)/��  −  15 100 0.1164 0.2812 0.3412 

9. (11� +  2)/� 11 0.0760 0.2336 0.2756 

10. 8� +  6/� −  2 35 0.0461 0.1748 0.2147 

11. 2�/(� +  1) 2 0.2880 0.1476 0.1697 

12. 5(��  +  2)/�� −  15 90 0.0410 0.1648 0.2025 

13. 7(��  +  5)  +  2/��  −  15 149 0.5254 0.5619 0.7249 

14. �(��  +  �)  −  �/��  −  �� 99 0.0218 0.1016 0.1477 
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15. 4� +  1/� −  3 17 0.0799 0.2509 0.2827 

16. 5(��  +  6)  −  1/��  −  15 109 0.2615 0.3363 0.5114 

17. 5(��  +  3)  +  3/�� −  15 98 0.1271 0.3078 0.3565 

18. 4�� +  8/�� −  15 72 0.0469 0.1598 0.2166 

19. 5(��  +  1)  +  4/��  −  15 89 0.2538 0.4449 0.5038 

20. 8�/(� −  3) 32 0.0539 0.1879 0.2321 

21. 8� +  8/� −  2 20 0.1019 0.2288 0.3192 

22. 9� +  1/� −  3 37 0.1746 0.2880 0.4178 

23. 5��/�� −  15 80 0.0797 0.2285 0.2823 

24. 7(��  +  5)  +  3/��  −  15 150 0.1388 0.2932 0.3726 

25. 6(��  +  4)  +  3/�� −  15 123 0.3448 0.4498 0.5872 

26. 3��  +  7/��  −  15 55 0.1431 0.3104 0.3783 

27. 4��  +  4/�� −  15 68 0.2814 0.4568 0.5305 

28. 8� +  1/� −  3 33 0.4355 0.5327 0.6599 

29. 5(��  +  6)/�� − 15 110 0.1175 0.2777 0.3428 

30. �/(� +  1) 1 0.0865 0.2631 0.2940 

31. 5(��  +  1)  +  3/��  −  15 88 0.1040 0.2702 0.3225 

32. 9� +  6/� −  2 21 0.0496 0.1791 0.2227 

33. 5(��  +  3)  +  2/��  −  15 97 0.1877 0.3473 0.4332 

34. 9�/(� −  3) 36 0.1443 0.2842 0.3799 

35. 3� +  6/� −  3 18 0.0521 0.1962 0.2283 

36. 7(��  +  3)/��  −  15 133 0.0821 0.2299 0.2864 

37. 8� +  2/� −  3 34 0.1756 0.3209 0.4191 

38. 7��  +  13/��  −  15 125 0.0580 0.1812 0.2408 

39. 4��  +  7/�� −  15 71 0.1083 0.2692 0.3291 

40. 5(��  +  1)  +  2/�� −  15 87 0.1149 0.2817 0.3389 

41. 8� +  7/� −  3 39 0.0668 0.1990 0.2586 

42. 4�/(� –  2) 8 0.0320 0.1457 0.1788 

43. 5��  +  1/��  −  8 81 0.1000 0.2467 0.3162 
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44. 4�/(� −  3) 16 0.0956 0.2430 0.3092 

45. 4��  +  3/��  −  15 67 0.1377 0.3263 0.3711 

46. 5��  +  4/��  −  15 84 0.0864 0.2297 0.2940 

47. 7(��  +  4)  +  1/��  −  15 141 0.1169 0.2590 0.3419 

48. (9� +  1)/� 9 0.4435 0.5337 0.6660 

49. 6(��  +  5)/��  −  150 126 0.1218 0.2608 0.3490 

50. 7(��  +  5)  −  3/�� −  15 144 0.1369 0.2675 0.3700 

51. 5(��  +  8)/�� −  15 120 0.0934 0.2428 0.3056 

52. 5(�� +  5)  +  2/��  −  15 107 0.1616 0.3191 0.4021 

53. 4�� +  2/��  −  15 66 0.0558 0.1801 0.2363 

  

 

 

Fig.5. 5: The proposed model for the greenhouse climate 

Theorem 1 is the propose criteria to proof the convergence of the sequence. Assume a 

sequence ℎ� = �(��  +  �)  −  �/��  −  �� is converged and  ℎ� ≥  0. 

It has limit �. If there exists constant � >  0 such that |ℎ� − �|  <  �, then ���� → �ℎ�  =

 �. 
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In order to proof the Theorem 1 is considering convergence theorem; the parameter value 

converges to finite:  

ℎ� =
�(�� � �) � �

�� � ��
, 

 ���� → �
�(�� � �) � �

�� � ��
== ���� → �

���(�� �/��) – �/��

��(� – ��/��)
= �                 finite value.       (5.7) 

 

Since the sequence is convergent due to the sequence has a limit =5. Where, � = the 

number of input variables. Generally 53 various criteria is considered to fix the number 

of neurons in the hidden layers and using this criteria Table 5.2 is established to describe 

the statistical errors in each criteria. The lower error value is observed is at the number of 

neuron equal to  �(��  +  �)  −  �/�� –  �� to develop the ENN model. From the 

established criteria the best minimal error obtained after simulation is a MSE of 0.0218, 

MAE of 0.1016, and MAE of 0.1477. 

5.4  Control system for tomato vegetation 

In this research section the control system for the example considered in the result section 

that is for tomato crop production is established .The proposed control system is used to 

control the output from the prediction model and activates the different actuators in order 

to regulate the environmental condition of the greenhouses. The output from the neural 

network model is two variables but the actuators available in the market is used for 

temperature but the two variables interrelated and the controller application applicable for 

the two variables. The proposed control system is using proportional controller and the 

circuit diagram plotted using proteus software shown in the Fig. below and the prototype 

is done using Arduino platform. 
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Fig.5. 6: Controller circuit design using proteus 

The prototype shown in the Fig. uses a fan as the cooling system and represented by the 

dc motor. When the temperature of the greenhouse exceed from the optimal level the fan 

starts and increases the speed as the temperature increases. Similarly when the 

temperature drops from the optimal level the heating system represented by the blue led 

starts until the temperature reach optimal level. But if the temperature reaches above the 

accepted or higher level the fan speed rotate at maximum speed and the red light on until 

the temperature decreased from the maximum accepted value. Generally, the 16×2 LCD 

displays the percentage of fan speed corresponding with the value of the temperature in 

degree centigrade. 
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Fig.5. 7: Prototype of the proposed controller 
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From the experimental result the proposed controller can regulate the output variable 

according to the set point which is different in different crops produced in the 

greenhouse. The set point considered in this research for tomato production is the range 

between 15.6℃ and 32.2℃ with the average of 21.1 ℃.When the predicted inside 

greenhouse temperature below from the 15.6 ℃ the heating system on and maintain the 

temperature of the greenhouse according to the set point. If the predicted temperature 

inside greenhouse above the set point, the cooling system (fan) installed on the structure 

start cooling work. The fan speed increases with increasing temperature and decreases 

with decreasing temperature. The fan speed ranges from 0 to 100 % and if the 

temperature above the maximum allowed temperature the fan works at maximum speed 

but since the temperature above the allowed temperature it will damage the crop thus the 

hazard on and need the operator to take action. The code for the controller is established 

in the appendix E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

RESULT AND DISCUSSION

 

6.1 Result  

The simulation result presented below after developing the model in Matlab 2019b using 

the help of the user guide

computer with Intel(R) Core(TM) i5

GHz with 8 GB of RAM. The statistical errors are calculated to evaluate the performance 

of the network. The result expressed in both graphical and numerical descriptions. From 

the result, we can see the analysis of greenhouse environment predi

based proposed model and

Fig.6. 1: The simulation result of training, validation and testing performance and best 

53 

CHAPTER SIX 

RESULT AND DISCUSSION 

The simulation result presented below after developing the model in Matlab 2019b using 

the help of the user guide[37]. The proposed models were run on a DELL laptop 

computer with Intel(R) Core(TM) i5-7200U CPU processor running @

GHz with 8 GB of RAM. The statistical errors are calculated to evaluate the performance 

of the network. The result expressed in both graphical and numerical descriptions. From 

the result, we can see the analysis of greenhouse environment prediction 

based proposed model and the error is lower in three calculus considered in this paper.

simulation result of training, validation and testing performance and best 
validation performance point 

The simulation result presented below after developing the model in Matlab 2019b using 

. The proposed models were run on a DELL laptop 

7200U CPU processor running @ 2.50GHz 2.70 

GHz with 8 GB of RAM. The statistical errors are calculated to evaluate the performance 

of the network. The result expressed in both graphical and numerical descriptions. From 

ction using ENN 

the error is lower in three calculus considered in this paper. 

 

simulation result of training, validation and testing performance and best 
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Fig.6. 2: The relation of target and output obtained from the proposed model and its 
response output element 
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Fig.6. 3: The histogram plot of the error 
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Fig.6. 4: The regression result of training, validation, and testing obtained from the model 
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Fig.6. 5: The  relation of test target and test output obtained from the proposed model 
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Fig.6. 6: The description of predicted inside temperature monthly sample data for 
comparing 

 

Fig.6. 7: The description of predicted inside relative humidity monthly sample data for 
comparing 
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6.2 Discussion  

In this research, we discussed several researchers can propose different prediction model 

using a neural network if they get genuine and huge data for training, validation, and 

testing. Therefore, data acquisition plays a big role in the development of a neural 

network model. The data acquisitions have so many difficulties and expensive starting 

from getting the device up to setting the experimental setup and acquired the data. In 

addition to acquiring the data normalizing, scaling, and standardize the data have its own 

effect on the performance of the model. Thus before using the collected data we have to 

normalize the data and scaled to {0 1} by applying a proper scaling technique. The data 

acquisition technique using the Arduino platform is obtained for acquiring genuine data 

in an economical way. 

After preparing the data and develop the model the particular problem to be fixed before 

deciding the final model is fixing the number of neuron in the hidden layer. Both pruning 

and constructive approaches used for fix the number of neuron for the hidden layer have 

disadvantage. Both are no promise in fixing the neuron and takes long period of time. In 

2003[25] proposed easy and non-time-consuming approaches and get better selection 

criteria. The selection criteria in this research are using convergence theorem and the 

number of hidden neurons fixed is 
�(�� � �) � �

�� � ��
 which is 99 and obtained 98 % accuracy. 

The result is shown in Fig. 6.1 describes the performance of train, validation and test and 

the best performance with the number of an epoch. From the graph, the best validation 

result obtained at epoch 112 and its error value are 0.01246 which is the model has 99% 

accuracy invalidation. In addition to this, the test performance has a 0.0218 error value 

which is 98% accuracy. This shows the proposed model has better quality in all 

performance .The error been decrease with increasing epoch. But this value is obtained 

within 118 epochs this shows the data is genuine for machine learning application.  
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Algorithmic complexity is concerned about how fast or slow particular algorithm 

performs. It basically defines complexity as a numerical function T (n). Where n is the 

input size n. The model training is performed using Matlab ML tool box where the 

algorithm implementation is implicit. The time taken by an algorithm for training can be 

defined without depending on the implementation details. But T (n) does depend on the 

implementation. Even though a given algorithm will take different amounts of time on 

the same inputs depending on a lot of factors like: processor speed; disk speed, 

instruction set, etc. There is no such thing as an absolute measure of complexity of a 

model. But when we measure in terms of number of node in the hidden layer our 

proposed model have a little bit complexity especially in time consuming. But we have to 

reduce the number of neuron and increase the performance of the model that means we 

get smaller error when we use number of neuron 2 thus we increase the performance by 

introducing another special function instead of sigmoid functions for example the 

Chebyshev orthogonal polynomials we can decrease the number of neuron thus for 

practical work we recommend this technique for implementation. 

In Fig. 6.2 we discussed the output and target element for time serious 1.from the graph it 

is visible that the response of the output element is good. It displays the partition of data 

divided into to train, validate and test and it relates the value of each as target and output. 

From the bottom result, the error for all has low value. 

The third result plotted in Fig.6.3 shows the error in the histogram. This result also 

describes the performance of training, validation, and testing. It considers error as the 

difference between targets and outputs. It also shows the point where the zero error is 

obtained. 

Another result discussed in the diagram plotted in Fig. 6.4 shows the powerful statistical 

method that examines the relationship between targets and outputs. The regression result 

describes or relates the dependent and independent variables. The best relation obtained 

in the validation that is 98% of accuracy. The final result discussed in Fig.6.5 shows the 

three-dimensional figure of the performance and response of element but only the test 

output element. 

After the prediction model is developed and the performance is measured the next step is 

to check the model for monthly data. First by taking the data collected every 5 minutes 

and compiling and taking the mean value for each day. After taking 29 days data apply to 

the preprocessing scaling method and give us input for the model. 
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For Fig. 6.6 Twenty-nine (29) set of inside temperature value predicted and by applying 

inverse transform with our range of (15℃, 35℃) we get value. The mean value of the 

temperature predicted for tomatoes vegetables is 22.15℃ .but the international standard 

for tomatoes is range from 15.6℃ to 32.2℃. and the average mean value is 21.1℃.this 

indicates that the prediction model is efficient but for the temperature above the 

maximum value of the standard or above 32.2℃ requires regulator like fan for cooling or 

reducing the hotness of the greenhouse: the temperature below the 15.6℃ needs another 

warming mechanism or physical device for the temperature to regulate from decrement of 

the standard value. But the mean value is good and this indicates the accuracy of the 

prediction model. 

Another predicted result for checking the tomatoes standard environment value is the 

inside relative humidity and shown in Fig.6.7 .the range of the predicted value is from 

50% to 70%.but the international relative humidity standard value for good crop 

production is from 60% to 70%.This indicates that it needs watering mechanism or 

evaporative devices .Otherwise it will affect the crop production or vegetables for 

example it will result rooting. But the average relative humidity value is 63.61% so the 

model is good enough since the value is between the standard values. 

In general Fig.6.6 and Fig.6.7 indicates that the prediction model has accuracy in both 

inside greenhouse environment but for each crop produced in the greenhouse have its 

own standard value. Inside temperature and relative humidity have the main factor for 

crop production but not only that there are many factors that need to control to get the 

better crop. For the control system that done in the future work need to be considered the 

other parameter like the water capacity of the fog system, the ventilation rate, the heat 

transfer coefficient of the enclosure, and the evaporation rate of the plants for a specific 

crop. This will discuss in another research work. 

The proposed Elman neural network models compared with the other comparative 

models discussed in Table 6.1 have advantages in both data acquiring and performance. 

The propose data acquisition technique is proper and economical. Four input parameter 

for predicting the inside relative humidity and temperature .The performance is measured 

using different performance measurement and the best result is MSE of 0.0218, MAE of 

0.1016, and MAE of 0.1477. 
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Table 6. 1: Summary of literature reviewed in this paper and selected for comparing due 
to the publication year and the type of methodology used. 

№ Approach/m
ethod  used 

Yea
r  

Input  and Output 
Parameters 

Performance  Performance 
Evaluation 

method 

 
 
 
 
 
1 

 
 
Takagi-
Sugeno fuzzy 
model[5] 

 
 
2006 

The input items 
considered are inside 
relative humidity, 
outside air temperature 
and outside solar 
radiation. 
The output parameter 
controlled is inside 
temperature. 

Simulation results 
for several tests 
showing the good 
performance and 
stability obtained. It 
presents 
displacements 
temperature above 
8℃ and relative 
humidity 33 %. 

The 
performance 
evaluation 
method used 
is RMSE. 

 
 
2 

 
Fuzzy 
Clustering 
Approach[9] 

 
2009 

The input parameters 
considered are outside 
relative humidity and 
air temperature, l solar 
radiation and sky 
cloudiness. 
 
The output parameter 
controlled is inside 
greenhouse 
temperature. 

 
It presents 
displacements reach 
the best 
performance for 
temperature above 
8℃ and for relative 
humidity 15 %. 

The 
performance 
is evaluated 
using 
graphical 
result. 

3  
PSO and 
Differential 
Evolution(D
E) 
Approach[1] 

 
2018 

The input parameter 
considered is nonlinear 
dynamic model in 
simplified form that 
describes the 
greenhouse climate. 
The output parameter 
controlled is the indoor 
relative humidity and 
temperature. 

 
It presents the 
estimation of both 
relative humidity 
and temperature. It 
reaches MSE value 
0.06951 with a 
large number of 
samples. 

Using 
graphical 
result only. 

 
 
 
 
 
 
4 

 
 
Extreme 
Learning 
Approach[7] 

 
 
2016 

The input parameters 
considered are, external 
relative humidity, 
external temperature, 
wind speed and solar 
radiation. 
The output parameters 
considered are inside 

The prediction 
average fit between 
82% and 97% using 
black box modeling 
approach. It reaches 
MSE values 0.0343 
using 26 neurons in 
the hidden layer 

Using 
graphical 
result only. 
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relative humidity and 
temperature. 

with a low number 
of samples. 

 
 
 
 
 
5 

A back 
propagation 
neural 
network 
(BPNN) 
based on 
principal 
component 
analysis 
(PCA)[6] 

 
 
 
 
2010 

The inside parameters 
considered includes  
Outside relative 
humidity and air 
temperature, solar 
radiation and wind 
speed. 
The output parameter 
considered is inside 
humidity. 

The paper used 
only 800 Numbers 
of samples for 
training, validation, 
and testing with a 
proportion of 2:1:1 
respectively to 
develop the model 
It reaches an 
accuracy of 85%. 

The 
performance 
evaluation 
method 
discussed in 
this research 
is RMSE. 

 
 
 
6 

 
 
By means of 
Radial Basis 
Function 
Network 
(RBFN)[2] 

 
 
 
2002 

The input parameters 
considered are relative 
humidity, wind speed, 
and the intensity of 
solar radiation.  
The output parameters 
predicted is inside 
temperature and inside 
relative humidity. 

It presents the 
development of 
greenhouse internal 
temperature using 
the RBFN neural 
network by 
applying different 
online methods. 
The best result 
reaches is a RMSE 
of 0.0590 with a 
low number of 
samples 
implemented.  

The 
performance 
evaluation 
method used 
is RMSE. 

 
 
7 

 
Artificial 
neural 
network-non-
linear 
autoregressiv
e with 
exogenous 
input (ANN-
NARX) 
network[10] 

 
 
 
 
2018 

The input parameters 
considered are outside 
relative humidity, 
outside air temperature, 
solar radiation and 
wind speed.  
The output parameters 
are inside relative 
humidity and inside 
temperature. 

The ANN-NARX 
system is proposed 
to model and 
control the 
greenhouse 
environment 
condition. The best 
result is an MSE of 
0.285 achieved by 
varying the neuron 
number. The 
selected number of 
neuron is nine. But 
the number of 

It uses MSE 
for 
performance 
evaluation 
method. 
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samples data set 
used is small. 

 
8 

 
NNARX 
system[8] 

 
 
2004 

The input parameters 
considered are outside 
temperature, outside 
relative humidity and 
solar radiant energy. 
The output parameters 
controlled is indoor 
temperature and indoor 
relative humidity. 

It proposed for 
modeling the 
internal greenhouse 
temperature using 
NNARX system. It 
only considers 
temperature an as 
reported the 
performance is fit 
above 75%. 

MSE used as 
performance 
evaluator. 

 
 
9 

 
 
Proposed 
method(Elma
n recurrent 
neural 
network 
model) 

 
 
2019 

The input parameter 
considered is outside 
temperature, outside 
relative humidity, wind 
speed and carbon 
dioxide concentration. 
The output parameters 
are inside temperature 
and relative humidity. 

 
An Elman neural 
network model is 
proposed with 
proper and 
economical data 
acquisition 
techniques. The 
performance is 
measured using 
different 
performance 
measurement and 
the best result is 
MSE of 0.0218, 
MAE of 0.1016, 
and MAE of 
0.1477. 

The 
performance 
is evaluated 
using 
graphical 
result, MSE, 
MAE and 
RMSE. 
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CHAPTER SEVEN 

CONCLUSION AND FUTURE WORK 

7.1 Conclusion  
 

Greenhouses are non-linear systems and these non linear systems are not modeled 

easily by mathematical expressions. A neural network provides functions and 

networks for modeling. In this paper, an Elman neural network prediction model for 

the interior of the greenhouse environment is proposed after different works related to 

the greenhouse model are reviewed and the gap is analyzed. 

Generally, this work has two outputs. The first output is the data used for the 

development of the neural network model. Acquiring data is part of the research and 

collected using the Arduino platform. This method is very easy and cheap compared 

with another data acquisition technique. The data was collected in an existing 

structure located in Addis Ababa and this data is genuine and acceptable. Thus 

another researcher who was interested in this area can use this data for developing the 

model. 

Another output is the proposed model itself. The model is developed after data 

acquired and filtered. Before using the data normalized using the Min-Max 

normalization technique and scaled to {0 1} and the neural network is designed. 

Based on the convergence theorem 53 criteria is analyzed by considering four input 

parameter wind velocity, carbon dioxide concentration, outside temperature and 

humidity to design the ENN. After selecting the design of a neural network the model 

is developed end evaluate the performance using different statistical errors. 
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The proposed system for modeling the internal greenhouse temperature and relative 

humidity is suitable for predicting this dynamic behavior. The model is analyzed and 

tested in real-time inside greenhouse temperature and relative humidity data measured the 

performance in all three statistical error analyses considered in the research paper. The 

obtained result is a minimal error a MSE of 0.0218, MAE of 0.1016, and RMSE of 

0.1477. From this result, we can conclude that the proposed ENN model is efficient, 

simple and predict with minimal error. 

7.2 Future works 

In this research both the data acquisition technique and Elman neural network prediction 

model for the inside greenhouse environment proposed. For future work, we recommend 

that the correspondent person, institution or other should use this model and data for 

better crop production and prevent both energy and economic losses. But when uses the 

data for prepare another model again we recommend that set your own input parameter 

range for the specific application. In addition to this as the future work, we acquired 

another data collected in 10 minutes and develop the model for that data and it requires a 

controller for all the models by considering also all the factors other than the input 

parameters considered in this research. But generally, the proposed data acquisition 

techniques and the proposed model have helpful in greenhouse applications in many 

aspects thus use this data and model and improve productivity. 
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Appendices 

Appendix A 

Arduino code for data collection 

 

/*This Code Is Used To Collect the Data of Outside  
Temperature and Relative Humidity Using Dht 11 
 * And Also the Outside Carbon Di Oxide Concentration 
 * Written By Samuel Ayele 
 */ 
#include <SD.h> 
#include <SPI.h> 
#include <DHT.h>              // Include DHT library code 
#define DHTPIN  2             // DHT22 data pin is 
connected to Arduino pin 2 
#define DHTTYPE DHT11         // DHT11 sensor is used 
DHT dht(DHTPIN, DHTTYPE);     // Initialize DHT library 
#define         MG_PIN                   (0)     //define 
which analog input channel you are going to use 
#define         BOOL_PIN                     (2) 
#define         DC_GAIN                      (8.5)   
//define the DC gain of amplifier 
int CS_pin = 10; // Pin 10 on Arduino Uno 
long seconds=00; 
long minutes=00; 
long hours=00; 
File sd_file; 
File sd_file1 
/***********************Software Related 
Macros***************************/ 
#define         READ_SAMPLE_INTERVAL         (50)    
//define how many samples you are going to take in normal 
operation 
#define         READ_SAMPLE_TIMES            (5)     
//define the time interval (in millisecond) between each 
samples in  
                                                                                    
float        
CO2Curve[3]={2.602,ZERO_POINT_VOLTAGE,(REACTION_VOLTGAE/(2.
602-3))};    
                                  //two points are taken 
from the curve.  
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                                  //with these two points, 
a line is formed which is 
                                  //"approximately 
equivalent" to the original curve. 
                                    //data format:{ x, y, 
slope}; point1: (lg400, 0.324), point2: (lg4000, 0.280)  
                                                     
//slope = ( reaction voltage ) / (log400 –log1000)  
void setup()  { 
  Serial.begin(9600);         // Initialize serial 
communications with the PC 
  dht.begin();                // Initialize the DHT library 
  Serial.println("CLEARDATA");       // Clear all Excel 
sheet data 
  // Label columns: A for date, B for time, C for 
temperature and D for humidity 
    Serial.println("LABEL,Date,Time,Temperature,Humidity") 
    Serial.print("  CO2 Demostration\n");                       
    pinMode(BOOL_PIN, INPUT);                        //set 
pin to input 
    digitalWrite(BOOL_PIN, HIGH);                    //turn 
on pullup resistors 
  pinMode(CS_pin, OUTPUT); 
  dht.begin(); 
  // SD Card Initialization 
  if (SD.begin())  { 
    Serial.println("SD card is initialized. Ready to go"); 
  }  
  else  { 
    Serial.println("Failed"); 
    return; 
  } 
   sd_file = SD.open("CO2 data.csv", FILE_WRITE); 
  sd_file1 = SD.open("DH11 data.csv", FILE_WRITE); 
  if (sd_file1)  { 
    Serial.print("Time"); 
    Serial.print(","); 
    Serial.print("Humidity"); 
    Serial.print(","); 
    Serial.println("Temperature_C"); 
    sd_file1.print("Time"); 
    sd_file1.print(","); 
    sd_file1.print("Humidity"); 
    sd_file1.print(","); 
    sd_file1.println("Temperature_C"); 
  } 
  if (sd_file)  { 
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    Serial.print("Time"); 
    Serial.print(","); 
    Serial.print("volts"); 
    Serial.print(","); 
    Serial.println("percentage"); 
    sd_file.print("Time"); 
    sd_file.print(","); 
    sd_file.print("volts"); 
    sd_file.print(","); 
    sd_file.println("percentage"); 
  } 
  sd_file1.close(); //closing the file 
  sd_file.close(); //closing the file 
}  
/*****************************  MGRead 
********************************* 
Input:   mg_pin - analog channel 
Output:  output of SEN-0159 
Remarks: This function reads the output of SEN-0159 
***********************************************************
************/  
float MGRead(int mg_pin) 
{ 
    int i; 
    float v=0; 
    for (i=0;i<READ_SAMPLE_TIMES;i++) { 
        v += analogRead(mg_pin); 
        delay(READ_SAMPLE_INTERVAL); 
    } 
    v = (v/READ_SAMPLE_TIMES) *5/1024 ; 
    return v;   
} 
/*****************************  MQGetPercentage 
************************** 
Input:   volts   - SEN-0159 output measured in volts curve 
pointer to the curve of the target gas 
Output:  ppm of the target gas 
Remarks: By using the slope and a point of the line. The 
x(logarithmic value of ppm)  
         of the line could be derived if y(MG-811 output) 
is provided. As it is a  
         logarithmic coordinate, power of 10 is used to 
convert the result to non-logarithmic  
         value. 
***********************************************************
************/  
int  MGGetPercentage(float volts, float *pcurve) 
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{ 
   if ((volts/DC_GAIN )>=ZERO_POINT_VOLTAGE) { 
      return -1; 
   } else {  
      return pow(10, ((volts/DC_GAIN)-
pcurve[1])/pcurve[24]+pcurve[24]); 
   } 
} 
void loop()  { 
 int percentage; 
    float volts; 
    volts = MGRead(MG_PIN); 
    Serial.print( "SEN-0159:" ); 
    Serial.print(volts);  
    Serial.print( "V           " ); 
    percentage = MGGetPercentage(volts,CO2Curve); 
    Serial.print("CO2:"); 
    if (percentage <= -1) { 
        Serial.print( "<400" ); 
    } else { 
        Serial.print(percentage); 
    } 
    Serial.print( "ppm" );   
    Serial.print("\n"); 
    if (digitalRead(BOOL_PIN) ){ 
        Serial.print( "=====BOOL is HIGH======" ); 
    } else { 
        Serial.print( "=====BOOL is LOW======" ); 
    } 
  { Serial.print("DATA,DATE,TIME,");       // Write date 
and time on row A and row B respectively 
  Serial.print(dht.readTemperature());   // Read 
temperature from sensor and send its value to Excel 
  Serial.print(",");                     // Move to next 
column 
  Serial.print(dht.readHumidity());      // Read humidity 
from sensor and send its value to Excel 
  Serial.println(",");                   // Move to next 
column and start new row 
   }                         // Wait 2 second 
  sd_file = SD.open("CO2 data.csv", FILE_WRITE); 
  sd_file1 = SD.open("DH11 data.csv", FILE_WRITE); 
  if (sd_file,sd_file1 ) {  
    for(long seconds = 00; seconds < 60; 
seconds=seconds+30)  { 
      volts = MGRead(MG_PIN); 
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       float temp = dht.readTemperature(); //Reading the 
temperature as Celsius and storing in temprature 
    float hum = dht.readHumidity();     //Reading the 
humidity and storing in humudity 
    sd_file.print(hours); 
    sd_file.print(":"); 
    sd_file.print(minutes); 
    sd_file.print(":"); 
    sd_file.print(seconds); 
    sd_file.print(",  "); 
    sd_file.print(volts); 
    sd_file.print(",    "); 
    sd_file1.print(hours); 
    sd_file1.print(":"); 
    sd_file1.print(minutes); 
    sd_file1.print(":"); 
    sd_file1.print(seconds); 
    sd_file1.print(",  "); 
    sd_file1.print(hum); 
    sd_file1.print(",    "); 
    sd_file1.println(temp); 
    Serial.print(hours); 
    Serial.print(":"); 
    Serial.print(minutes); 
    Serial.print(":"); 
    Serial.print(seconds); 
    Serial.print(",  "); 
    Serial.print(hum); 
    Serial.print(",    "); 
    Serial.println(temp); 
     Serial.print(hours); 
    Serial.print(":"); 
    Serial.print(minutes); 
    Serial.print(":"); 
    Serial.print(seconds); 
    Serial.print(",  "); 
    Serial.print(volts); 
    Serial.print(",    "); 
    percentage = MGGetPercentage(volts,CO2Curve); 
     sd_file.println(percentage); 
     Serial.println(percentage); 
    if(seconds>=30)  { 
      minutes= minutes + 1; 
    } 
    if (minutes>59)  { 
      hours = hours + 1; 
      minutes = 0; 
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    } 
    sd_file.flush(); //saving the file 
    sd_file1.flush(); //saving the file 
    delay(30000); 
  } 
  sd_file.close();   //closing the file 
  sd_file1.close();   //closing the file 
} else  { 
    Serial.println("error opening co2 file"); 
  } 
} 
/*This Code Is Used To Collect the Data Of inside 
Temperature And Relative Humidity Using Dht 11 and Dht22 
 * Written By Samuel Ayele 
 */ 
#include <SD.h> 
#include <SPI.h> 
#include <DHT.h>              // Include DHT library code 
#define DHT1PIN  2             // DHT11 data pin is 
connected to Arduino pin 2 
#define DHT2PIN  8             // DHT22 data pin is 
connected to Arduino pin 8 
#define DHT1TYPE DHT11         // DHT11 sensor is used 
#define DHT2TYPE DHT22         // DHT22 sensor is used 
DHT dht1(DHT1PIN, DHT1TYPE);     // Initialize DHT library 
DHT dht2(DHT2PIN, DHT2TYPE);     // Initialize DHT library 
long seconds=00; 
long minutes=00; 
long hours=00; 
int CS_pin = 10; 
File sd_file; 
File sd_file1; 
void setup()  { 
   Serial.begin(9600);         // Initialize serial 
communications with the PC 
  dht1.begin();                // Initialize the DHT 
library 
  Serial.println("CLEARDATA");       // Clear all Excel 
sheet data 
  // Label columns: A for date, B for time, C for 
temperature and D for humidity 
  Serial.println("LABEL,Date,Time,Temperature,Humidity"); 
  Serial.begin(9600); 
  pinMode(CS_pin, OUTPUT); 
  dht1.begin(); 
  // SD Card Initialization 
  if (SD.begin())  { 
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    Serial.println("SD card is initialized. Ready to go"); 
  }  
  else  { 
    Serial.println("Failed"); 
    return; 
  } 
  sd_file = SD.open("ata5.csv", FILE_WRITE); 
  sd_file1 = SD.open("ata15.csv", FILE_WRITE); 
  if (sd_file)  { 
    Serial.print("Time"); 
    Serial.print(","); 
    Serial.print("Humidity"); 
    Serial.print(","); 
    Serial.println("Temperature_C"); 
    sd_file.print("Time"); 
    sd_file.print(","); 
    sd_file.print("Humidity"); 
    sd_file.print(","); 
    sd_file.println("Temperature_C"); 
  } 
   if (sd_file1)  { 
    Serial.print("Time"); 
    Serial.print(","); 
    Serial.print("Humidity"); 
    Serial.print(","); 
    Serial.println("Temperature_C"); 
    sd_file1.print("Time"); 
    sd_file1.print(","); 
    sd_file1.print("Humidity"); 
    sd_file1.print(","); 
    sd_file1.println("Temperature_C"); 
  } 
  sd_file.close(); //closing the file 
   sd_file1.close(); //closing the file 
}  
void loop()  { 
  { Serial.print("DATA,DATE,TIME,");       // Write date 
and time on row A and row B respectively 
  Serial.print(dht1.readTemperature());   // Read 
temperature from sensor and send its value to Excel 
  Serial.print(",");                     // Move to next 
column 
  Serial.print(dht1.readHumidity());      // Read humidity 
from sensor and send its value to Excel 
  Serial.println(",");                   // Move to next 
column and start new row 
   }                         // Wait 2 second 
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  sd_file = SD.open("ata5.csv", FILE_WRITE); 
  sd_file1 = SD.open("ata15.csv", FILE_WRITE); 
  if (sd_file,sd_file1)  { 
    senddata(); 
  } 
  // if the file didn't open, print an error: 
  else  { 
    Serial.println("error opening file"); 
  } 
  delay(2000); 
} 
void senddata()  { 
  for(long seconds = 00; seconds < 60; seconds=seconds+30)  
{ 
    float temp = dht1.readTemperature(); //Reading the 
temperature as Celsius and storing in temprature 
    float hum = dht1.readHumidity();     //Reading the 
humidity and storing in humudity 
    float tempr = dht2.readTemperature(); //Reading the 
temperature as Celsius and storing in temprature 
    float humi = dht2.readHumidity();     //Reading the 
humidity and storing in humudity 
    sd_file.print(hours); 
    sd_file.print(":"); 
    sd_file.print(minutes); 
    sd_file.print(":"); 
    sd_file.print(seconds); 
    sd_file.print(",  "); 
    sd_file.print(hum); 
    sd_file.print(",    "); 
    sd_file.println(temp); 
    Serial.print(hours); 
    Serial.print(":"); 
    Serial.print(minutes); 
    Serial.print(":"); 
    Serial.print(seconds); 
    Serial.print(",  "); 
    Serial.print(hum); 
    Serial.print(",    "); 
    Serial.println(temp); 
    sd_file1.print(hours); 
    sd_file1.print(":"); 
    sd_file1.print(minutes); 
    sd_file1.print(":"); 
    sd_file1.print(seconds); 
    sd_file1.print(",  "); 
    sd_file1.print(humi); 



XII 
 

    sd_file1.print(",    "); 
    sd_file1.println(tempr); 
    Serial.print(hours); 
    Serial.print(":"); 
    Serial.print(minutes); 
    Serial.print(":"); 
    Serial.print(seconds); 
    Serial.print(",  "); 
    Serial.print(humi); 
    Serial.print(",    "); 
    Serial.println(tempr); 
    if(seconds>=30)  { 
      minutes= minutes + 1; 
    } 
    if (minutes>59)  { 
      hours = hours + 1; 
      minutes = 0; 
    } 
    sd_file.flush(); //saving the file 
     sd_file1.flush(); //saving the file 
    delay(30000); 
  } 
  sd_file.close();   //closing the file 
  sd_file1.close();   //closing the file 
} 
/*This code is used to collect the data of outside 
temperature and relative humidity using dht22  and also the 
wind speed of outside environment 
   Written by Samuel Ayele 
*/ 
#include <SD.h> 
#include <SPI.h> 
#include <DHT.h>              // Include DHT library code 
#define DHTPIN  8             // DHT22 data pin is 
connected to Arduino pin 8 
#define DHTTYPE DHT22         // DHT22 sensor is used 
DHT dht(DHTPIN, DHTTYPE);     // Initialize DHT library 
long seconds = 00; 
long minutes = 00; 
long hours = 00; 
float  windspeed;        // wind speed 
unsigned long   start,  duration; 
int updated = 0;   //  <<<<--------  flag 
int CS_pin = 10; // Pin 10 on Arduino Uno 
File sd_file; 
File sd_file1; 
void wspeed() 
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{ 
  duration = micros() - start; 
  start       = micros(); 
  windspeed = ( 2.5 * 1000000.0 / (float) duration ) * 
(0.44704); 
  updated = 1; 
} 
void setup()  { 
  Serial.begin(9600);         // Initialize serial 
communications with the PC 
  dht.begin();                // Initialize the DHT library 
  pinMode(2, INPUT); //reads the input from pin 2 
  attachInterrupt( 0, wspeed,  RISING ); 
  start = micros(); 
  Serial.println("CLEARDATA");       // Clear all Excel 
sheet data 
  // Label columns: A for date, B for time, C for 
temperature and D for humidity 
  Serial.println("LABEL,Date,Time,Temperature,Humidity"); 
  Serial.begin(9600); 
  pinMode(CS_pin, OUTPUT); 
  dht.begin(); 
  // SD Card Initialization 
  if (SD.begin())  { 
    Serial.println("SD card is initialized. Ready to go"); 
  } 
  else  { 
    Serial.println("Failed"); 
    return; 
  } 
  sd_file = SD.open("DHT22 data.csv", FILE_WRITE); 
  sd_file1 = SD.open("WSO data.csv", FILE_WRITE); 
  if (sd_file)  { 
    Serial.print("Time"); 
    Serial.print(","); 
    Serial.print("Humidity"); 
    Serial.print(","); 
    Serial.println("Temperature_C"); 
    sd_file.print("Time"); 
    sd_file.print(","); 
    sd_file.print("Humidity"); 
    sd_file.print(","); 
    sd_file.println("Temperature_C"); 
  } 
  if (sd_file1)  { 
    Serial.print("Time"); 
    Serial.print(","); 



XIV 
 

    Serial.print("duration"); 
    Serial.print(","); 
    Serial.println("wind speed"); 
    sd_file1.print("Time"); 
    sd_file1.print(","); 
    sd_file1.print("duration"); 
    sd_file1.print(","); 
    sd_file1.println("Wind speed"); 
  } 
  sd_file.close(); //closing the file 
  sd_file1.close(); //closing the file 
} 
void loop()  { 
  duration = micros() - start; 
  start       = micros(); 
  windspeed = ( 2.5 * 1000000.0 / (float) duration ) * 
(0.44704); 
  updated = 1; 
  { Serial.print("DATA,DATE,TIME,");       // Write date 
and time on row A and row B respectively 
    Serial.print(dht.readTemperature());   // Read 
temperature from sensor and send its value to Excel 
    Serial.print(",");                     // Move to next 
column 
    Serial.print(dht.readHumidity());      // Read humidity 
from sensor and send its value to Excel 
    Serial.println(",");                   // Move to next 
column and start new row 
  }                         // Wait 2 second 
  if (updated) { 
    Serial.print (" duration of the one turn ( msec ) : "); 
    Serial.println ( duration ); 
    Serial.print ("windspeed : "); 
    Serial.print (windspeed); 
    Serial.println (" m/s"); 
    delay(3000); 
  } 
  else  { 
    Serial.print (" duration of the one turn ( msec ) : "); 
    Serial.println ( duration ); 
    Serial.print ("windspeed : "); 
    Serial.print (0); 
    Serial.println (" m/s"); 
    delay(3000); 
  } 
  sd_file = SD.open("DHT22 data.csv", FILE_WRITE); 
  sd_file1 = SD.open("WSO data.csv", FILE_WRITE); 
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  if (sd_file, sd_file1)  { 
    for (long seconds = 00; seconds < 60; seconds = seconds 
+ 30)  { 
      if (updated) { 
        sd_file1.print(hours); 
        sd_file1.print(":"); 
        sd_file1.print(minutes); 
        sd_file1.print(":"); 
        sd_file1.print(seconds); 
        sd_file1.print(","); 
        sd_file1.print(duration); 
        sd_file1.print(","); 
        sd_file1.println(windspeed); 
        Serial.print(hours); 
        Serial.print(":"); 
        Serial.print(minutes); 
        Serial.print(":"); 
        Serial.print(seconds); 
        Serial.print(",  "); 
        Serial.print(duration); 
        Serial.print(",    "); 
        Serial.println(windspeed); 
        updated = 0; 
      } 
      else { 
        sd_file1.print(hours); 
        sd_file1.print(":"); 
        sd_file1.print(minutes); 
        sd_file1.print(":"); 
        sd_file1.print(seconds); 
        sd_file1.print(","); 
        sd_file1.print(duration); 
        sd_file1.print(","); 
        sd_file1.println(windspeed); 
        Serial.print(hours); 
        Serial.print(":"); 
        Serial.print(minutes); 
        Serial.print(":"); 
        Serial.print(seconds); 
        Serial.print(",  "); 
        Serial.print(duration); 
        Serial.print(",    "); 
        Serial.println(windspeed); 
      } 
      updated = 0; 
      float temp = dht.readTemperature(); //Reading the 
temperature as Celsius and storing in temprature 
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      float hum = dht.readHumidity();     //Reading the 
humidity and storing in humudity 
      sd_file.print(hours); 
      sd_file.print(":"); 
      sd_file.print(minutes); 
      sd_file.print(":"); 
      sd_file.print(seconds); 
      sd_file.print(",  "); 
      sd_file.print(hum); 
      sd_file.print(",    "); 
      sd_file.println(temp); 
      Serial.print(hours); 
      Serial.print(":"); 
      Serial.print(minutes); 
      Serial.print(":"); 
      Serial.print(seconds); 
      Serial.print(",  "); 
      Serial.print(hum); 
      Serial.print(",    "); 
      Serial.println(temp); 
      if (seconds >= 30)  { 
        minutes = minutes + 1; 
      } 
      if (minutes > 59)  { 
        hours = hours + 1; 
        minutes = 0; 
      } 
      sd_file.flush(); //saving the file 
      sd_file1.flush(); //saving the file 
      delay(30000); 
    } 
    sd_file.close();   //closing the file 
    sd_file1.close();   //closing the file 
  } 
} 
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Appendix B 

Python code for data analysis 

 
#code for data filterization process 
import pandas as pd 
import os 
import numpy as np 
from pandas import Series,DataFrame 
import matplotlib.pyplot as plt 
from pylab import rcParams 
import seaborn as sb 
import scipy 
rcParams ['figure.figsize'] =5, 4 
sb.set_style('whitegrid') 
file_names=["outside humidity", "wind speed outside", 
"outside temperature", "out side co2 concentration", 
"inside humidity", "inside temperature" ] 
frames=[] 
for name in file_names: 
    #print(r"C:\Users\selam\Downloads"+"\\"+name+".csv") 
    data=pd.read_csv(name+".csv") 
    frames.append(data) 
#merging frames 
result=pd.concat(frames,axis=1,sort=False) 
result.columns 
#dropping nan values 
result=result.dropna() 
result.shape[24] 
result[result['carbon dioxide 
concentration']=='percentage'] 
result[result['carbon dioxide 
concentration']!='percentage'] 
result[result['carbon dioxide 
concentration']!='percentage'] 
result=result[result['carbon dioxide 
concentration']!='percentage'] 
cols = result.columns 
cols = cols.map(lambda x: x.replace(' ', '_')) 
result.columns = cols 
result.columns 
#remove the data out of input parameter 
result['carbon_dioxide_concentration']=result.carbon_dioxid
e_concentration.astype('int64') 
result =result[result.carbon_dioxide_concentration<31000] 
result =result[result.carbon_dioxide_concentration>-31000] 
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result 
result['Outside_Humidity']=result.Outside_Humidity.astype('
int64') 
result =result[result.Outside_Humidity<99.9] 
result =result[result.Outside_Humidity>30] 
result 
result['wind_speed_']=result.wind_speed_.astype('float64') 
result =result[result.wind_speed_<16] 
result =result[result.wind_speed_>0] 
result 
result['Outside_Temperature_']=result.Outside_Temperature_.
astype('int64') 
result =result[result.Outside_Temperature_<44] 
result =result[result.Outside_Temperature_>12] 
result 
result['Inside_Humidity']=result.Inside_Humidity.astype('in
t64') 
result =result[result.Inside_Humidity<100] 
result =result[result.Inside_Humidity>59] 
result 
result['Inside_Temperature_']=result.Inside_Temperature_.as
type('int64') 
result =result[result.Inside_Temperature_<35] 
result =result[result.Inside_Temperature_>12] 
result 
result 
plt.xlabel('no of sample') 
plt.ylabel('ins temp Sensor Values') 
plt.plot(result.Inside_Temperature_) 
plt.savefig('filter ins temp.png', transparent=False) 
plt.xlabel('no of sample') 
plt.ylabel('ins humi Sensor Values') 
plt.plot(result.Inside_Humidity) 
plt.savefig('filter ins humi.png', transparent=False) 
plt.xlabel('no of sample') 
plt.ylabel('wind speed Sensor Values') 
plt.plot(result.wind_speed_) 
plt.savefig('filter wind speed.png', transparent=False) 
plt.xlabel('no of sample') 
plt.ylabel('out temp Sensor Values') 
plt.plot(result.Outside_Temperature_) 
plt.savefig('filter out temp.png', transparent=False) 
plt.xlabel('no of sample') 
plt.ylabel('out humi Sensor Values') 
plt.plot(result.Outside_Humidity) 
plt.savefig('filter out humi.png', transparent=False) 
plt.xlabel('no of sample') 
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plt.ylabel('co2 Sensor Values') 
plt.plot(result.carbon_dioxide_concentration) 
plt.savefig('filter co2.png', transparent=False) 
result.to_csv(r"results.csv") 

import numpy as np 
import pandas as pd 
from pandas import Series,DataFrame 
import matplotlib.pyplot as plt 
from pylab import rcParams 
import seaborn as sb 
import scipy 
import sklearn 
from sklearn import preprocessing 
from sklearn.preprocessing import scale 
% matplotlib  inline 
rcParams ['figure.figsize'] =5, 4 
sb.set_style('whitegrid') 
#normalize and scaling the data using min max prescaling 
normalized= pd.read_csv('results.csv') 
normalized.columns=['Time_','Outside_Humidity','Time_','win
d_speed_','Time_','Outside_Temperature_','Time_','carbon_di
oxide_concentration','Time_','Inside_Humidity','Time_','Ins
ide_Temperature_'] 
Outside_Humidity=normalized.Outside_Humidity 
plt.plot(Outside_Humidity) 
wind_speed_=normalized.wind_speed_ 
plt.plot(wind_speed_) 
Outside_Temperature_=normalized.Outside_Temperature_ 
plt.plot(Outside_Temperature_) 
carbon_dioxide_concentration=normalized.carbon_dioxide_conc
entration 
plt.plot(carbon_dioxide_concentration) 
Inside_Humidity=normalized.Inside_Humidity 
plt.plot(Inside_Humidity) 
Inside_Temperature_=normalized.Inside_Temperature_ 
plt.plot(Inside_Temperature_) 
normalized[['Outside_Humidity']].describe() 
normalized[['wind_speed_']].describe() 
normalized[['Outside_Temperature_']].describe() 
normalized[['carbon_dioxide_concentration']].describe() 
normalized[['Inside_Humidity']].describe() 
normalized[['Inside_Temperature_']].describe() 
Outside_Humidity_matrix=Outside_Humidity.values.reshape(-
1,1) 
wind_speed__matrix=wind_speed_.values.reshape(-1,1) 
Outside_Temperature__matrix=Outside_Temperature_.values.res
hape(-1,1) 
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carbon_dioxide_concentration_matrix=carbon_dioxide_concentr
ation.values.reshape(-1,1) 
Inside_Humidity_matrix=Inside_Humidity.values.reshape(-1,1) 
Inside_Temperature__matrix=Inside_Temperature_.values.resha
pe(-1,1) 
scaled=preprocessing.MinMaxScaler() 
scaled_Outside_Humidity=scaled.fit_transform(Outside_Humidi
ty_matrix) 
scaled_wind_speed_=scaled.fit_transform(wind_speed__matrix) 
scaled_Outside_Temperature_=scaled.fit_transform(Outside_Te
mperature__matrix) 
scaled_carbon_dioxide_concentration=scaled.fit_transform(ca
rbon_dioxide_concentration_matrix) 
scaled_Inside_Humidity=scaled.fit_transform(Inside_Humidity
_matrix) 
scaled_Inside_Temperature_=scaled.fit_transform(Inside_Temp
erature__matrix) 
plt.plot(scaled_Outside_Humidity) 
plt.plot(scaled_wind_speed_) 
plt.plot(scaled_Outside_Temperature_) 
plt.plot(scaled_carbon_dioxide_concentration) 
plt.plot(scaled_Inside_Humidity) 
plt.plot(scaled_Inside_Temperature_) 
np.savetxt("scaled out humi.csv", 
np.array(scaled_Outside_Humidity), delimiter=",") 
np.savetxt("scaled out temp.csv", 
np.array(scaled_Outside_Temperature_), delimiter=",") 
np.savetxt("scaled out wind.csv", 
np.array(scaled_wind_speed_), delimiter=",") 
np.savetxt("scaled out co2.csv", 
np.array(scaled_carbon_dioxide_concentration), 
delimiter=",") 
np.savetxt("scaled ins humi.csv", 
np.array(scaled_Inside_Humidity), delimiter=",") 
np.savetxt("scaled ins temp.csv", 
np.array(scaled_Inside_Temperature_), delimiter=",") 
scaled_Inside_Temperature_ 
scaled_Inside_Humidity 
scaled_Outside_Humidity 
scaled_wind_speed_ 
scaled_Outside_Temperature_ 
scaled_carbon_dioxide_concentration 
Outside_Humidity_matrix=Outside_Humidity.values.reshape(-
1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledOutside_Humidity=scaled.fit_transform(Outside_Humidit
y_matrix) 



XXI 
 

plt.plot(scaledOutside_Humidity) 
scaledOutside_Humidity 
np.savetxt("scaled out humi feature.csv", 
np.array(scaledOutside_Humidity), delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled out humi Sensor Values') 
plt.plot(scaledOutside_Humidity) 
plt.savefig('scale_Outside_Humidity.png', transparent=True, 
bbox_inches='tight') 
plt.savefig('scale_Outside_Humidity1.png', 
transparent=False) 
wind_speed__matrix=wind_speed_.values.reshape(-1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledwind_speed=scaled.fit_transform(wind_speed__matrix) 
plt.plot(scaledwind_speed) 
scaledwind_speed 
np.savetxt("scaled wind speed feature.csv", 
np.array(scaledOutside_Humidity), delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled wind speed Sensor Values') 
plt.plot(scaledwind_speed) 
plt.savefig('scale_wind_speed.png', transparent=True, 
bbox_inches='tight') 
plt.savefig('scale_wind_speed1.png', transparent=False) 
Outside_Temperature__matrix=Outside_Temperature_.values.res
hape(-1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledOutside_Temperature=scaled.fit_transform(Outside_Temp
erature__matrix) 
plt.plot(scaledOutside_Temperature) 
scaledOutside_Temperature 
np.savetxt("scaled out temp feature.csv", 
np.array(scaledOutside_Temperature), delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled out temp Sensor Values') 
plt.plot(scaledOutside_Temperature) 
plt.savefig('scale_Outside_Temperature.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('scale_Outside_Temperature1.png', 
transparent=False) 
carbon_dioxide_concentration_matrix=carbon_dioxide_concentr
ation.values.reshape(-1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledcarbon_dioxide_concentration=scaled.fit_transform(car
bon_dioxide_concentration_matrix) 
plt.plot(scaledcarbon_dioxide_concentration) 
scaledcarbon_dioxide_concentration 
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np.savetxt("scaled co2 feature.csv", 
np.array(scaledcarbon_dioxide_concentration), 
delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled co2 Sensor Values') 
plt.plot(scaledcarbon_dioxide_concentration) 
plt.savefig('scale_carbon_dioxide_concentration.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('scale_carbon_dioxide_concentration1.png', 
transparent=False) 
Inside_Humidity_matrix=Inside_Humidity.values.reshape(-1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledInside_Humidity=scaled.fit_transform(Inside_Humidity_
matrix) 
plt.plot(scaledInside_Humidity) 
scaledInside_Humidity 
np.savetxt("scaled ins humi feature.csv", 
np.array(scaledInside_Humidity), delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled ins humi Sensor Values') 
plt.plot(scaledInside_Humidity) 
plt.savefig('scale_Inside_Humidity.png', transparent=True, 
bbox_inches='tight') 
plt.savefig('scale_Inside_Humidity1.png', 
transparent=False) 
Inside_Temperature__matrix=Inside_Temperature_.values.resha
pe(-1,1) 
scaled=preprocessing.MinMaxScaler(feature_range=(0,1)) 
scaledOutInside_Temperature_=scaled.fit_transform(Inside_Te
mperature__matrix) 
plt.plot(scaledOutInside_Temperature_) 
scaledOutInside_Temperature_ 
np.savetxt("scaled ins temp feature.csv", 
np.array(scaledOutInside_Temperature_), delimiter=",") 
plt.xlabel('no of sample') 
plt.ylabel('scaled in temp Sensor Values') 
plt.plot(scaledOutInside_Temperature_) 
plt.savefig('scale_Inside_Temperature.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('scale_Inside_Temperature1.png', 
transparent=False) 
#standardized step 
standardized_Outside_Humidity=scale(Outside_Humidity, axis= 
0, with_mean=False, with_std=False) 
plt.plot(standardized_Outside_Humidity) 
standardized_wind_speed_=scale(wind_speed_, axis= 0, 
with_mean=False, with_std=False) 
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plt.plot(standardized_wind_speed_) 
standardized_Outside_Temperature_=scale(Outside_Temperature
_, axis= 0, with_mean=False, with_std=False) 
plt.plot(standardized_Outside_Temperature_) 
standardized_carbon_dioxide_concentration=scale(carbon_diox
ide_concentration, axis= 0, with_mean=False, 
with_std=False) 
plt.plot(standardized_carbon_dioxide_concentration) 
standardized_Inside_Humidity=scale(Inside_Humidity, axis= 
0, with_mean=False, with_std=False) 
plt.plot(standardized_Inside_Humidity) 
standardized_Inside_Temperature_=scale(Inside_Temperature_, 
axis= 0, with_mean=False, with_std=False) 
plt.plot(standardized_Inside_Temperature_) 
standardized_Inside_Temperature_=scale(Inside_Temperature_) 
plt.xlabel('no of sample') 
plt.ylabel('standardized ins temp Sensor Values') 
plt.plot(standardized_Inside_Temperature_) 
plt.savefig('stand_Inside_Temperature_.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('stand_Inside_Temperature_1.png', 
transparent=False) 
np.savetxt("stan Inside_Temperature_.csv", 
np.array(standardized_Inside_Temperature_), delimiter=",") 
standardized_Inside_Humidity=scale(Inside_Humidity) 
plt.xlabel('no of sample') 
plt.ylabel('standardized ins humi Sensor Values') 
plt.plot(standardized_Inside_Humidity) 
plt.savefig('stand_Inside_Humidity.png', transparent=True, 
bbox_inches='tight') 
plt.savefig('stand_Inside_Humidity1.png', 
transparent=False) 
np.savetxt("stan Inside_Humidity.csv", 
np.array(standardized_Inside_Humidity), delimiter=",") 
standardized_carbon_dioxide_concentration=scale(carbon_diox
ide_concentration) 
plt.xlabel('no of sample') 
plt.ylabel('standardized co2 Sensor Values') 
plt.plot(standardized_carbon_dioxide_concentration) 
plt.savefig('stand_carbon_dioxide_concentration.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('stand_carbon_dioxide_concentration1.png', 
transparent=False) 
np.savetxt("stan carbon_dioxide_concentration.csv", 
np.array(standardized_carbon_dioxide_concentration), 
delimiter=",") 
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standardized_Outside_Temperature_=scale(Outside_Temperature
_) 
plt.xlabel('no of sample') 
plt.ylabel('standardized out temp Sensor Values') 
plt.plot(standardized_Outside_Temperature_) 
plt.savefig('stand_Outside_Temperature_.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('stand_Outside_Temperature_1.png', 
transparent=False) 
np.savetxt("stan Outside_Temperature_.csv", 
np.array(standardized_Outside_Temperature_), delimiter=",") 
standardized_wind_speed_=scale(wind_speed_) 
plt.xlabel('no of sample') 
plt.ylabel('standardized wind speed Sensor Values') 
plt.plot(standardized_wind_speed_) 
plt.savefig('stand_Inside_Temperature_.png', 
transparent=True, bbox_inches='tight') 
plt.savefig('stand_Inside_Temperature_1.png', 
transparent=False) 
np.savetxt("stan wind_speed_.csv", 
np.array(standardized_wind_speed_), delimiter=",") 
standardized_Outside_Humidity=scale(Outside_Humidity) 
plt.xlabel('no of sample') 
plt.ylabel('standardized out humi Sensor Values') 
plt.plot(standardized_Outside_Humidity) 
plt.savefig('stand_Outside_Humidity.png', transparent=True, 
bbox_inches='tight') 
plt.savefig('stand_Outside_Humidity1.png', 
transparent=False) 
np.savetxt("stan Outside_Humidity.csv", 
np.array(standardized_Outside_Humidity), delimiter=",") 
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Appendix C 

Matlab code for develop the model 

clc; 
TRIN = xlsread('final input.xlsx',1); %To read Training Input Data 
TEIN=xlsread('final output.xlsx',1); %To read Training Input Data 
TRIN=TRIN'; 
TEIN=TEIN'; 
X = con2seq(TRIN); %Convert to cell 
T = con2seq(TEIN); %Convert to cell 
net = elmannet(2:4,2); 
[Xs,Xi,Ai,Ts] = preparets(net,X,T); 
net.divideFcn = 'divideind'; 
net.divideParam.trainInd = 1:1138; 
net.divideParam.valInd = 1138:1638; 
net.divideParam.testInd = 1638:2138; 
net = train(net,Xs,Ts,Xi,Ai); 
T = purelin(X); 
net.layers{2}.transferFcn = 'purelin'; 
net.layers{1}.transferFcn = 'tansig'; 
net.trainParam.epochs=1000; 
view(net) 
Y =net(Xs,Xi,Ai); 
MSE = perform(net,Ts,Y); 
RMSE=sqrt(MSE); 
MAE = mae(net,Ts,Y); 
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Appendix D 

Consider various criteria � as a number of input parameters. All criteria are satisfied with 

the convergence theorem. Some illustrations are shown below. The convergence 

sequences have a finite limit. Another sequence is called divergent sequence[38]. The 

characteristics of convergence theorem are as follows. 

1. A convergent sequence has a limit. 

2.  Every convergent sequence is bounded. 

3. Every bounded point has a limit point. 

4. A necessary condition for the convergence sequence is that it is bounded and has 

a limit. 

5. An oscillatory sequence is not convergent, that is, divergent sequence. 

A network is stable meaning no there is change occurring in the state of the network 

regardless of the operation. An important property of the NN model is that it always 

converges to a stable state. The convergence is important in an optimization problem in 

real-time since it prevents a network from the risk of getting stuck at some local minima. 

Due to the presence of discontinuities in a model, the convergence of sequence infinite 

has been established in convergence theorem. The properties of convergence are used in 

the design of RealTime neural optimization solvers. 

Discuss the convergence of the following sequence. Consider the sequence  

                                     �� =  
��

� � �
                                                                (D.1)  

Apply convergence theorem, 

         ����→�
��

� � �
= ����→�

��

�(� –
�

�
)

= 5 ,                               Finite value. (D.2)  

Therefore, the terms of sequences are bounded, and the sequence has a limit value. Hence 

the sequence is convergent. 

Consider the sequence,  

                                     �� =  
��

� � �
                                                                (D.3)  

Apply convergence theorem, 

         ����→�
��

� � �
= ����→�

��

�(� –
�

�
)

= 3 ,                                Finite value. (D.4) 

 

 Therefore, the terms of the sequence are bounded and the sequence has a limit value. 

Hence the sequence is convergent. 
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Appendix E 

Arduino code for the controller 

#include <LiquidCrystal.h> 

#define ENABLE 5 

//#define DIRA=3 

//#define DIRB 4 

LiquidCrystal lcd(7,8,9,10,11,12); 

int tempPin = A0;   // the output pin of LM35 

int led = 13;        // led pin 

//int temp; 

double tempK; 

float tempC; 

int tempMin =15.6;  // the temperature to start the fan 

int tempMax = 32.2;   // the maximum temperature when fan is at 100% 

int fanSpeed; 

int heating=6; 

int fanLCD; 

int EN; 

void setup() { 

 // pinMode(fan, OUTPUT); 

  pinMode(led, OUTPUT); 

  pinMode(tempPin, INPUT); 

  lcd.begin(16,2);   

  pinMode(ENABLE,OUTPUT); 

  pinMode(3,OUTPUT); 

  pinMode(heating,OUTPUT); 

  //pinMode(DIRB,OUTPUT); 

  //Serial.begin(9600); 

} 
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void loop() {   

 

   tempC = readTemp();     // get the temperature 

   if(tempC  < tempMin) { // if temp is lower than minimum temp  

    fanSpeed = 0; // fan is not spinning 

     

    digitalWrite(heating, HIGH);  // turn on led  

   } else {                    // else turn of led 

     digitalWrite(heating, LOW); 

    }  

   if((tempC  >= tempMin) && (tempC <= tempMax)) { // if temperature is 
higher than minimum temp  

      fanSpeed = map(tempC, tempMin, tempMax, 20, 255); // the actual 
speed of fan  

      fanLCD = map(tempC, tempMin, tempMax, 0, 100); // speed of fan to 
display on LCD  

     // EN= map(tempC, tempMin, tempMax, 0, 255); 

      //analogWrite(ENABLE, 150);//in the fan at the fanSpeed speed  

      analogWrite(3,fanSpeed); //one way 

      //analogWrite(6,heating)  

   }  

   if(tempC  > tempMax) {        // if temp is higher than tempMax 

     digitalWrite(led, HIGH);  // turn on led  

   } else {                    // else turn of led 

     digitalWrite(led, LOW);  

   } 

   lcd.print("TEMPERATURE: "); 

   lcd.print(tempC);      // display the temperature 

   lcd.print("℃ "); 

   lcd.setCursor(0,1);   // move cursor to next line 

   lcd.print("FANSPEED: "); 

   lcd.print(fanLCD);    // display the fan speed 
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   lcd.print("%"); 

   delay(200); 

   lcd.clear();    

} 

int readTemp() {  // get the temperature and convert it to celsius 

  tempC = analogRead(tempPin); 

  tempK = log(10000.0 * ((1024.0 / tempC - 1))); 

  tempK = 1 / (0.001129148 + (0.000234125 + (0.0000000876741 * tempK * 
tempK )) * tempK );       //  Temp Kelvin 

  float tempC = tempK - 273.15;            // Convert Kelvin to Celcius 

  return tempC; 

} 
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