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Thailand is an agricultural country because of terrain, climate, and resources 

which are suitable for cultivation. While today technology might be able to help 

agriculture in many ways but the barrier to accessing technology is their prices. That is 

the main reason why they are still using manpower 

This research proposed a control, monitoring, collect data system with 

statistical analysis for greenhouse planting in order to reduce production cost and 

manpower. The proposed system was designed using IoT in order to collect the data 

such as temperature, relative humidity, light intensity, CO2, and NDVI via sensors in 

greenhouse. And the system can be controlled and monitored via a mobile 

application. The data will be storage in Blynk Platform and analyzed the data look for 

parameters in best range of planting model via k-mean and Ensemble Vote Technic 

using 3 algorithms including Random Forest, Naïve Bayes, and Neural Network to 

predict a photosynthesis and healthy of plant 

Research finding indicated that the smart greenhouse systems be able to 

control, monitor, and collect data from sensors in greenhouse, to analysis and predict 

a photosynthesis of plant with the highest accuracy rate at 100% because the data 

can be segmented clearly via k-mean 3 groups using Elbow point Technic. The 

Greenhouse systems be able to survey photosynthesis and healthy via synthesizing 

NDVI using the near-infrared camera with a blue filter to take photos to be use 

processing NDVI. And this research proposed design and created the greenhouse 

systems to control, monitor, and collect data from sensors to survey and predict 

photosynthesis of Chinese celery only to use it as a guideline for further research on 

other plants in the future. 
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2.1  

2.1.1  

Internet of Things (IoT) [1 [2] , , 

LAN) Wireless) 

IoT 

IoT 

, , 

IoT 

Smart farm 

, 

, , 

Smart farm 

 

2.1.1.1 Internet of Things 

Internet of Things 

 

(1) Embedded Computer, Single Board Computer [3 [4] 

microprocessors, 

memory, I/O GPIO 

Linux HDMI, USB type B, RJ built-in wireless LAN 

Internet Raspberry pi, NVIDIA Jetson Nano 1
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NVIDIA Jetson Nano 

Machine learning 

 

 
 

1 a) Raspberry pi b+, (b) Jetson Nano 

Developer Kit 

 

(2) Microcontroller [5  

microprocessors, memory, I/O 

GPIO 

C/C++ Arduino UNO ESP8266-12E 2.2 built-in 

wireless LAN IoT ESP8266-12E 
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2.2 a) ESP8266-12E, (b) Arduino UNO 

 

2.1.1.2 Internet of Things [6  

Protocol) 

 

(1) Protocol HTTP (Hypertext Transfer Protocol) [7] 

HTTP Client 

Server World Wide Web (www) 

Web Browser 

IE, Google Chrome, Safari Server 

HTTP Server Client 

Browser Browser Client 

(2) Protocol TCP/IP [8] 

TCP/IP 

Internet Client 
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 TCP (Transmission Control Protocol) 

package 

 

 IP (Internet Protocol) 

IP Address IP Address  

(3) Protocol SMTP (Simple Mail Transfer Protocol) [9] 

E-Mail) Internet 

(4) Protocol FTP (File Transfer Protocol) [10] 

Server 

(5) Protocol NNP (Network News Transfer Protocol) [11] 

 

(6) Protocol ICMP (Internet Control Message Protocol) [12] 

 

(7) Protocol DHCP (Dynamic Host Configuration Protocol) 

[13]  

DHCP Internet Protocol (IP) DHCP 

Server IP Address 

 

(8) CoAP (Constrained Application Protocol) [14] 

CoAP IEIF 2014

HTTP Document Transfer Protocol 

CoAP Header 4byte 

UDP 

 

CoAP Client/Server Client 

Server Server Content-

Client JSON, XML, CqBOR 

Client GET, PUT, POST DELETE Server URL query 
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string REST AP CoAP One-to-One 

Smart Home, Smart Farm 

 

 

 
 

Protocol CoAP [15] 

 

(9) MQTT (Message Queuing Telemetry Transport) [16] 

MQTT 

Machine to Machine (M2M) IBM Eurotech 1999

SCADA (Supervisory Control and Data Acquisition) 

Open Standard 2014 OASIS  

MQTT Client/Server Topology Hub-

And-Spoke Client 

TCP Server Broker 

Client Publisher Subscriber 

Client Publisher Subscriber 

Broker Persistent Session 

Broker Client Transient Broker 
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Broker software Publisher 

Subscriber Topic Client Subscribe  

Topic Address Endpoint Broker 

Client  

 

 
 

4  Protocol MQTT [15] 

 

MQTT 

Many-to-Many 

MQTT IoT Platform  
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 Sensors) [17] 

, , , 5 

 

 Actuator) [18

Controller) 
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Sensor Actuators [19  

 

2.1.2 Electromagnetic wave) 
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x m/s 

, , , , , , 
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Electromagnetic Spectrum [21  

 

2.1.2.1 Visible Light) [22

 nm , , , , , , 

 

2.1.2.2 Near Infrared (NIR) [23]

nm 

NIR 

NIR 

NIR  
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2.1.3 Normalized Difference Vegetation Index : NDVI) 

NDVI [24] 

200-315nm), 400-700nm), 

1mm-700nm), ,

Near Infrared (NIR) Visible Light) 

Chlorophyll 

a Chlorophyll b 

Carotenoid 

NIR 

NIR 

2  [25][26] 
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NIR 

NIR 

31] 

 

 (2) 

 

NDVI NDVI

 



14 

 

 
 

NDVI  [32] 

 

2.1.4 Machine Learning and 

Algorithms  

2.1.4.1  

Structured Data) 

Relational Databases) 

Big Data) 

Unstructured Data) , , 

Social Network) Facebook, Twitter, Instagram 

 

(1) Structured Data) [ ] 

Microsoft Excel 

Row) Column) Data 

Mining Example) Instance) 

Attribute) Feature) 
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(2) Unstructured Data) [ ] 

, , , 

 

2.1.4.2 [ ] 

Data 2  

(1) Unsupervised Learning) 

Unsupervised Learning 

Unsupervised Learning 

Association Rule) Clustering) 

2.1.4.3 Clustering)  

(2) Supervised Learning) 

Supervised Learning 

Supervised Learning 

Classification) Regression) 2 

Classification 

Nominal) , , 

Regression Regression 

,  

2.1.4.3 Clustering) [ ] 

Clustering) 

Unsupervised Learning 

K-Means 
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(1) K-Means 

K-Means 

K Cluster 

Centroid Cluster Centroid 

Cluster Attribute K-

Means 5  

 Centroid) Cluster 

K  

 
Centroid Cluster  

 Cluster Centroid 

Cluster  

 Centroid Cluster  

 
Cluster  

(2) K-Means 

Centroid Cluster Cluster 

Centroid Cluster 

Cluster ( K) x 

Centroid Cluster y Elbow Point 

[ 7] 

Elbow Point K ( Cluster) 2.  
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2.  Elbow Point 

 

2.1.4.4 Classification) [ ]  

Classification 

Model) 

Class) Label) 

(1)  

Training Data)  

Machine Learning) Classification) Random Forest, Naïve 

Bayes Neural Network  

Classification 

Training Data) Training 

Data 2 
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(2)  

3.3 

3.4 

 

(3)  

 

2.1.4.5  

(1) Confusion Matrix 

Confusion Matrix 

Training Data (Actual) Prediction) 

 

2.1 Confusion Matrix 

Prediction/Actual Yes No 

Yes TP FP 

No FN TN 

 

 2.2  

1) True Positive (TP)  

2) True Negative (TN)   

3) False Positive (FP)  

4) False Negative (FN)  
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(2) Precision 

Precision

 

 

 (3) 

 

(3) Recall 

Recall 

 

 

 (4) 

 

(4) F-measure 

F-measure Precision Recall 

 

 

 ( ) 

 

(5) Accuracy 

Accuracy 

 

 

 (6) 

 

2.1.4.6 
 

2 1 2 

3  
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(1) Set Consistency Test 

Set Consistency Test Use Training Set 

Training Data 

 

(2) Split Test 

Split Test 

Training Data 

Test Data) 

Split Test 

Split Test 

 

(3) Cross-validation Test 

Cross-validation Test 

Cross-validation 

 

2.1.4.7 Algorithms) [ ] 

(1) Random Forest) 

Random Forest [ ] Decision 

Tree [ ] 

Decision Tree Out-of-Bag (OOB) 
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Decision Tree Vote) 

 

 

 
 

2.  Random Forest 

 

(2) Naïve Bayes) 

Naïve Bayes [ ] 

Probability) 

 

 

 (7) 

 

 

P(A|B) Conditional Probability B 

A  

) Joint Probability A B 

 

P(B)  
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B P(B|A)  

 

 ( ) 

 

2  

  

 

 (9) 

 

9 

 

(3) Neural Network) 

Neural Network [ ] Multi-layer Perceptron 

Neural Network 

Neural Network Classification 

Regression Neural Network 
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Neural Network 

 

2.  Neural Network 

3 Layer)  

 1 Input Layer 

Attribute Training Data  

 2 Hidden Layer 

Attribute 2  

 3 Output Layer 

Class Classification 

Output Layer  

Neural Network 
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Error) 

Neural Network Hidden Layer Output Layer 2  

 Sum) 

X = w11a1+w21a2+w31a3+w41a4+w51a5+w0 

 Activate Function 

Sigmoid Function S 

 

 

 (10) 
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Error) 

Hidden Layer 11  

 

 (1 ) 

 

Errori i Hidden 

Errorj j Output wij 

i j  
Error Hidden Layer 

Input Layer Hidden 

Layer 12 

 

 (1 ) 

 

wij i j l 

Learning Rate  

(4) Ensemble Classifiers [45] 

Ensemble Classification

Classification Ensemble

 Vote Independent 

 

2.1.4.8 CRISP-DM [ 6] 

CRISP-DM 1996 3 Daimler 

Chrysler, SPSS, NCR Data Mining 

Cross-Industry Standard Process for Data Mining CRISP-

DM [46] CRISP-DM 6  
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(3) Data Preparation 
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(4) Modeling 
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Preparation  

(5) Evaluation 
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Calvin Cycle) NADPH ATP CO
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Chlorophyll 
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a, b, c, d, f 

a. Chlorophyll a (C H O N Mg) 

nm 

nm 

b. Chlorophyll b (C H O N Mg) 

nm  nm  

c. Chlorophyll c (C H O N Mg, C H O N Mg) 
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 nm  
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2) Carotenoid carotene 

xanthophyll Carotenoid 

 

3) Phycobilin phycocyanin 

phycoerythrin  
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1 2 3 

a b c d f 
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Eukaryote 

Eukaryote 

Chloroplast 

thylakoid membrane lamella 

granum stroma lamella 

thylakoid membrane lumen Chloroplast 

stroma , s ribosome, RNA, DNA  

2.1.5.2 [47][48] 

 

(1) 

Action 

Spectrum  

(2) 

light compensation point CO2

0 light saturation point) 

C3 light compensation point light saturation point 

C4

light saturation point  

(3) CO2 CO2 compensation point CO2 

saturation point C4 CO2 compensation point CO2 saturation 

point C3 CO2

CO2  

(4) O2 C3

photorespiration O2  

(5) 

Guard Cell) 

K+ K+ 
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mesophyll 

abscisic acid  

(6) 

CO2 photorespiration C3

C4 CAM 

 

(7) 

 

(8) Mg N 

Chlorophyll Chlorophyll 

Chlorophyll Chlorophyll 

Mn + Cl palisade mesophyll, Cu + Fe 

 (e-) 

 

2.1.5.3  [49] 

 

  Aqium graveolens L. vat. Dulce Pers. 

  Celery  

   Umbelliferae 

  , , ,  

  Apirin 
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NDVI 

 

P. M. Cristiano et al. [54 High NDVI and Potential Canopy 

Photosynthesis of South American Subtropical Forests despite Seasonal Changes in 

NDVI)

LAI) 

NDVI NDVI 

 

J. A. Amon et al. [26 RELATIONSHIPS BETWEEN NDVI, 

CANOPY STRUCTURE, AND PHOTOSYNTHESIS IN THREE CALIFORNIAN VEGETATION 
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NDVI SR NIR 
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(b) ESP E, (c) Pi NoIR Camera, (d) DHT , (e) Carbon dioxide MH-Z A, (f) 

Photoelectric module Sensor BH , (g) Relay, (h) LCD screen, (i) OLED screen 
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Raspberry Pi 

Raspbian 

b) ESP E [65  

ESP E 

 

c) Pi NoIR Camera V 66  

Pi NoIR Camera 
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d) DHT 67  

DHT
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MH-Z A CO

NDIR Output 
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f) Photoelectric module Sensor BH 69  
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Controller System Code at ESP8266-12E (Node MCU) 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

#include "DHT.h" 

#include <time.h> 

#include <SPI.h> 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 

#include <BH1750.h> 

#include "Adafruit_MQTT.h"    

#include "Adafruit_MQTT_Client.h"    

#include <Adafruit_GFX.h> 

#include <Adafruit_SSD1306.h> 

#include <MHZ.h> 

 

#define OLED_RESET 16 

Adafruit_SSD1306 display(OLED_RESET); 

#define CO2_IN 10 

MHZ co2(CO2_IN, MHZ14A); 

BH1750 lightMeter(0x23); 

#define MQTT_SERVER "192.168.1.9" 

#define MQTT_PORT 1883     

#define MQTT_USERNAME ""    

#define MQTT_PASSWORD ""   

#define LED_ST 2 //LED_TOP D4 

#define LED_Send 16 //LED_bot D0 

#define DHTPIN 0 //SD3   D3=0 

#define DHTTYPE DHT22 

//#define LR1 14 //D5 

#define LR2 14 //D5 
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#define LR3 12 //D6 

#define LR4 13 //D7 

 

LiquidCrystal_I2C lcd(0x27, 20, 4);  //16,2 

WiFiClient client;    

Adafruit_MQTT_Client mqtt(&client, MQTT_SERVER, MQTT_PORT, MQTT_USERNAME, 

MQTT_PASSWORD);    

Adafruit_MQTT_Publish pi_led = Adafruit_MQTT_Publish(&mqtt, MQTT_USERNAME 

"/leds/pi");    

Adafruit_MQTT_Subscribe esp8266_led = Adafruit_MQTT_Subscribe(&mqtt, 

MQTT_USERNAME "/leds/esp8266"); 

void MQTT_connect(); 

void DisplayPreHeating(); 

void DisplayStatus(String val,String val2); 

String TimeNowString(); 

 

 

 

struct Weather_Values{ 

    float Humidity,Temperature; 

}; 

typedef struct Weather_Values Struct; 

Struct result_Weather; 

 

void SetTime(); 

String MQTT_Subscribe_Function(); 

 

 

char auth[] = "XXXXXXXXXXXXXXXXXXXXXXX"; 

char ssid[] = "Green House"; 

char pass[] = "GHGHGHGH"; 
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int timezone = 7 * 3600; // TimeZone = 7  

int dst = 0;// Date Swing Time 

int TG_MQTT = 1; 

String Time =""; 

String ms=""; 

 

int result_Lux=0; 

int result_Co2 =0; 

int Df_Low_Humidity=70; 

int Df_High_Humidity=90; 

int Bylnk_NDVI = 0; 

int Switch_MN = 0; 

BLYNK_WRITE(V8) { 

  Df_Low_Humidity = param.asInt(); 

  Blynk.virtualWrite(V3, Df_Low_Humidity);  

} 

 

BLYNK_WRITE(V9) { 

  Df_High_Humidity = param.asInt(); 

  Blynk.virtualWrite(V4, Df_High_Humidity);  

} 

 

BLYNK_WRITE(V2) { 

  Switch_MN = param.asInt(); 

} 

BLYNK_WRITE(V12) { 

  Bylnk_NDVI = param.asInt();  

} 

DHT dht(DHTPIN, DHTTYPE); 

WidgetLED led1(V4), led2(V5),led3(V6),led4(V13); 
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void setup() { 

   

  Serial.begin(9600); 

  Setup_pin(); 

  Setup_Moniter(); 

  display.clearDisplay(); 

  DisplayStatus("WIFI","Conecting"); 

  Blynk.begin(auth, ssid, pass); 

  Blynk.virtualWrite(V3, Df_Low_Humidity);  

  Blynk.virtualWrite(V4, Df_High_Humidity); 

  DisplayStatus("WiFi","Complte"); 

  mqtt.subscribe(&esp8266_led); 

  SetTime(); 

  Setup_Sensor(); 

} 

 

 

 

void loop() { 

   

  Blynk.run(); 

  MQTT_connect(); 

  ms=MQTT_Subscribe_Function(); 

  Time = TimeNowString(); 

  Serial.println(Time); 

  result_Weather = Weather_Function();  

  result_Lux=Light_sensor_Function(); 

  result_Co2 = Co2_Funtion(); 

main_control(Switch_MN,result_Weather.Humidity,result_Weather.Temperature,Df_

Low_Humidity,Df_High_Humidity); 
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  TG_MQTT=MQTT_NDVI( Time, TG_MQTT,result_Lux); 

 

  

Display_main(result_Weather.Temperature,result_Weather.Humidity,result_Lux,resu

lt_Co2); 

  

LCD_main(result_Weather.Temperature,result_Weather.Humidity,result_Lux,result_

Co2,ms); 

  MN_MQTT_NDVI(); 

  delay(1000); 

} 

 

void Setup_pin(){ 

  Wire.begin(); 

  pinMode(LED_ST, OUTPUT);  

  pinMode(LED_Send, OUTPUT);  

  pinMode(LR2, OUTPUT); 

  pinMode(LR3, OUTPUT); 

  pinMode(LR4, OUTPUT); 

  pinMode(CO2_IN, INPUT); 

   

  digitalWrite(LED_ST, HIGH); //AC LOW 

  digitalWrite(LED_Send, HIGH); //AC LOW 

  digitalWrite(LR2,HIGH);//OFF 

  digitalWrite(LR3,HIGH);//OFF 

  digitalWrite(LR4,HIGH);//OFF 

  //mqtt.subscribe(&esp8266_led);  

  } 

 

void Setup_Moniter(){ 

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C); 
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  lcd.begin(20,4); 

  lcd.init(); 

  lcd.backlight(); 

  dht.begin(); 

   

} 

void Setup_Sensor(){ 

  dht.begin(); 

  if (lightMeter.begin(BH1750::CONTINUOUS_HIGH_RES_MODE)) { 

    Serial.println(F("BH1750 Advanced begin")); 

  } 

  else { 

    Serial.println(F("Error initialising BH1750")); 

  } 

    if (co2.isPreHeating()) { 

    Serial.print("Preheating"); 

    while (co2.isPreHeating()) { 

      DisplayPreHeating(); 

    } 

    Serial.println("Complte"); 

  } 

} 
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Struct Weather_Function(){ 

  Struct Weather; 

  float h=dht.readHumidity(); 

  float t=dht.readTemperature(); 

  float f = dht.readTemperature(true); 

  if (isnan(h) || isnan(t)|| isnan(f))  

    {  

      Serial.println("Failed to read from DHT sensor!"); 

    } 

  else{ 

    Weather.Humidity=h;  

    Weather.Temperature=t; 

    Blynk.virtualWrite(V0,Weather.Temperature); 

    Blynk.virtualWrite(V1,Weather.Humidity); 

    Serial.println("Temp = " + String(Weather.Temperature)); 

    Serial.println("Humi = " + String(Weather.Humidity)); 

    return Weather; 

  }   

} 

 

 

int Co2_Funtion(){ 

  int Co2 = co2.readCO2PWM(); 

  Serial.print("CO2: "); 

  Serial.println(String(Co2)+" ppm"); 

  Blynk.virtualWrite(V10,Co2); 

  return Co2; 

} 
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int Light_sensor_Function(){ 

  int lux = lightMeter.readLightLevel(); 

  Serial.print("Light: "); 

  Serial.print(lux); 

  Serial.println(" lx"); 

  Blynk.virtualWrite(V11,lux); 

  return lux;   

} 

 

 

 

 

 

void MQTT_connect() {    

 int8_t ret;    

 // Stop if already connected.    

 if (mqtt.connected()) {    

  return;    

 } 

 Serial.print("Connecting to MQTT... ");    

 lcd.setCursor(0, 0); 

 lcd.print("Connecting to MQTT"); 

 DisplayStatus("MQTT","Conecting"); 

 uint8_t retries = 3;    

 while ((ret = mqtt.connect()) != 0) { // connect will return 0 for connected    

   

  Serial.println(mqtt.connectErrorString(ret));    

  Serial.println("Retrying MQTT connection in 6 seconds...");  

  lcd.clear();  

  lcd.setCursor(0, 0); 
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  lcd.print("Connecting in 6s"); 

   

  mqtt.disconnect();    

  for (int i = 0; i <= 30; i++) { 

    digitalWrite(LED_ST, LOW); 

    delay(100); 

    digitalWrite(LED_ST, HIGH); 

    delay(100); 

    } // wait 6 seconds    

  //retries--;    

  /*if (retries == 0) {    

  // basically die and wait for WDT to reset me    

  while (1);  

  } */   

 } 

 delay(100); 

   

 Serial.println("MQTT Connected!"); 

 DisplayStatus("MQTT","Connected"); 

 digitalWrite(LED_ST, LOW); 

} 

 

void MQTT_send (void) {                                // Timer reached zero, now re-load 

it to repeat 

   

  Serial.println("Send"); 

  //led4.on(); 

  for (int i=0;i<3;i++){ 

      digitalWrite(LED_Send, LOW); 

      pi_led.publish("TakePhoto"); 

      delay(1000); 
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      digitalWrite(LED_Send, HIGH); 

      delay(1000); 

    } 

   //led4.off(); 

} 

 

String MQTT_Subscribe_Function(){ 

  String Get_message = ""; 

  Adafruit_MQTT_Subscribe *subscription;    

  while ((subscription = mqtt.readSubscription())) {    

    if (subscription == &esp8266_led) {    

        char *message = (char *)esp8266_led.lastread;  

        Get_message = message; 

        Serial.print(F("Got: "));    

        Serial.println(message);  

        Blynk.virtualWrite(V7,message);  

        return Get_message; 

    } 

    /*else { 

       

      return Get_message;}*/ 

  } 

  } 

 

void SetTime() 

{ 

  configTime(timezone, dst, "ntp.nict.jp", "ntp.jst.mfeed.ad.jp"); // Server 

  Serial.println("\nLoading time"); 

  while (!time(nullptr)){ 

    Serial.print("*"); 

    delay(100); 
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    } 

} 

 

String TimeNowString() { 

   

  time_t now = time(nullptr); 

  struct tm* newtime = localtime(&now); 

  String tmpNow = ""; 

   

  tmpNow = String(newtime->tm_min); 

   

  return tmpNow; 

  } 

 

void main_control(int STM,float H,float T,int LH,int HH){ 

    if(STM==0){ 

      if(H < LH ){  //70 

        digitalWrite(LR2,LOW);  //high 

        led2.on(); 

      } 

      else if (H >= HH){  //80 

        digitalWrite(LR2,HIGH); //LOW 

        led2.off(); 

      } 

    } 

    else 

    { 

      digitalWrite(LR2,LOW); 

      led2.on(); 

    } 
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    if(STM==0){ 

        if (T > 28){ 

          digitalWrite(LR3,LOW); //FAN ON 

          digitalWrite(LR4,LOW); 

          led3.on(); 

        } 

        else if(T <= 26){ 

          digitalWrite(LR3,HIGH); //FAN OFF 

          digitalWrite(LR4,HIGH); 

          led3.off(); 

         } 

     } 

     /*if(digitalRead(MN) == LOW){ 

      digitalWrite(LR3,HIGH); 

      digitalWrite(LR4,HIGH); 

      led3.off();}*/ 

     else 

     { 

      digitalWrite(LR3,LOW); 

      digitalWrite(LR4,LOW); 

      led3.on(); 

     }//FAN ON MN 

  } 

 

void MN_MQTT_NDVI(){ 

  if(Bylnk_NDVI == 1){ 

      MQTT_send(); 

      led4.on(); 

      } 

   else { 

      led4.off(); 
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     } 

} 

 

int MQTT_NDVI(String Time,int TG_MQTT,int lux){ 

 

  if(lux>=100)  //!=0 

  { 

     if((Time == "0" || Time == "15" || Time == "30" || Time == "45") && (TG_MQTT==1)) 

     { 

        MQTT_send(); 

        TG_MQTT=0; 

        Serial.print("MQTT :"); 

        Serial.println(TG_MQTT); 

     } 

 

     else if ((Time == "1" || Time == "16" || Time == "31" || Time == "46" || Time == "59") 

&& (TG_MQTT==0)) 

     { 

        TG_MQTT=1; 

        Serial.print("MQTT :"); 

        Serial.println(TG_MQTT); 

     } 

   } 

   else{TG_MQTT=1;} 

    return TG_MQTT; 

  } 

 

void drawPercentbar(int x,int y, int width,int height, int progress) 

{ 

   progress = progress > 100 ? 100 : progress; 

   progress = progress < 0 ? 0 :progress; 
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   float bar = ((float)(width-4) / 100) * progress;  

   display.drawRect(x, y, width, height, WHITE); 

   display.fillRect(x+2, y+2, bar , height-4, WHITE); 

  // Display progress text 

  if( height >= 15){ 

    display.setCursor((width/2) -3, y+5 ); 

    display.setTextSize(1); 

    display.setTextColor(WHITE); 

   if( progress >=50) 

     display.setTextColor(BLACK, WHITE); // 'inverted' text 

     display.print(progress); 

     display.print("%"); 

  } 

} 

void DisplayPreHeating(){ 

  int Countdown=0; 

  int p3=0; 

  Serial.println("Preheating"); 

    while (co2.isPreHeating()) { //co2.isPreHeating() 

      Serial.println(Countdown); 

      Countdown+=1; 

      display.clearDisplay(); 

      display.setTextSize(2); //  

      display.setTextColor(WHITE); 

      display.setCursor(0,0); // x,y  

      display.println("CO2 Sensor Warming "); 

      p3=(Countdown*100)/180; 

      drawPercentbar( 0, 40, 128, 20,p3); 

      if( p3 >= 180) {p3 =180;} 

      display.display(); 

      delay(1000);//1000 
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  } 

 } 

 

 void DisplayStatus(String val,String val2){ 

    display.clearDisplay(); 

    display.setTextSize(2); //  

    display.setTextColor(WHITE); 

    display.setCursor(0,0); // x,y  

    display.println(val); 

    display.setTextSize(2); //  

    display.setTextColor(WHITE); 

    display.setCursor(0,22); // x,y  

    display.println(val2); 

    display.display(); 

    delay(1000); 

  } 

 

void Display_main(float t,float h,int lux,int ppm){ 

    display.clearDisplay(); 

    display.setTextSize(1); 

    display.setTextColor(WHITE); 

    display.setCursor(0,0); 

    display.println("Temp:" + String(t) + " C"); 

    display.setCursor(0,11); 

    display.setTextSize(1); 

    display.setTextColor(WHITE); 

    display.println("Humidity:"+String(h)+" %"); 

    display.setCursor(0,22); 

    display.setTextSize(1); 

    display.setTextColor(WHITE); 

    display.println("Lux:"+String(lux)+" Lux"); 
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    display.setCursor(0,33); 

    display.setTextSize(1); 

    display.setTextColor(WHITE); 

    display.println("CO2:"+String(ppm)+" ppm"); 

    display.display(); 

  } 

void LCD_main(float t,float h,int lux,int ppm,String ndvi){ 

  lcd.clear();  

     lcd.setCursor(0, 0); 

     lcd.print("T:"+String(result_Weather.Temperature)+"C"); 

     lcd.setCursor(12, 0); 

     lcd.print("H:"+ String(result_Weather.Humidity)+"%");//8dic 

     lcd.setCursor(0, 1); 

     lcd.print("Co2:"+String(ppm)+"ppm"); 

     lcd.setCursor(12, 1); 

     lcd.print("Lux:"+String(lux)); 

     if (digitalRead(LR3)==HIGH && digitalRead(LR4)==HIGH){lcd.setCursor(11, 

2);lcd.print("FAN:OFF");} 

     else{lcd.setCursor(11, 2); lcd.print("FAN:ON");}       

     lcd.setCursor(0,2); 

     if (digitalRead(LR2)==HIGH){lcd.print("FOGGY:OFF");} 

     else {lcd.print("FOGGY:ON");} 

     lcd.setCursor(0, 3); 

     lcd.print("NDVI:"+String(ndvi)); 

  } 
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Slave System Code at Raspberry pi 3 b+ 

 

import paho.mqtt.client as mqtt 

import datetime 

import time 

import numpy as np 

import cv2 

import picamera 

import picamera.array 

from gpiozero import LED 

from time import sleep 

import RPi.GPIO as GPIO 

 

LED_PIN = 24    

BUTTON_PIN = 23    

led = LED(21) 

GPIO.setmode(GPIO.BCM)    

GPIO.setwarnings(False)    

GPIO.setup(LED_PIN, GPIO.OUT)    

GPIO.output(LED_PIN, GPIO.LOW)    

GPIO.setup(BUTTON_PIN, GPIO.IN, pull_up_down=GPIO.PUD_UP) 

 

def nothing(x): 

    pass 

 

 

font=cv2.FONT_HERSHEY_SIMPLEX 

 

cap = cv2.VideoCapture(0) 
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width = 544 #544 

height= 400 #400 

frame_width = 544 

frame_height= 400 

timestamp = datetime.datetime.now() 

formattedTime = timestamp.strftime("%Y%m%d-%H:%M:%S.mp4") 

 

 

out = 

cv2.VideoWriter('/home/pi/Desktop/ProjectNDVI/MQTT_VD/NDVItest20'+formattedTi

me,cv2.VideoWriter_fourcc('X','V','I','D'), 10, (1088,800),1) 

""" 

    Combines four images for display. 

 

""" 

def disp_multiple(im1=None, im2=None, im3=None, im4=None): 

 

 

    combined = np.zeros((2 * height, 2 * width, 3), dtype=np.uint8) 

     

    combined[0:height, 0:width, :] = im1 

    combined[height:, 0:width, :] = im2 

    combined[0:height, width:, :] = cv2.cvtColor(im3, cv2.COLOR_GRAY2RGB) 

    combined[height:, width:, :] = im4 

 

 

 

    return combined 

 

 

def label(image, text): 
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    """ 

    Labels the given image with the given text 

    """ 

    return cv2.putText(image, text, (0, 50), font, 2, (255,255,255),4) 

 

 

def contrast_stretch(im): 

    """ 

    Performs a simple contrast stretch of the given image, from 5-95%. 

    """ 

    in_min = np.percentile(im, 5) 

    in_max = np.percentile(im, 95) 

 

    out_min = 0.0 

    out_max = 255.0 

 

    out = im - in_min 

    out *= ((out_min - out_max) / (in_min - in_max)) 

    out += in_min 

 

    return out 

 

 

#load display colorbars 

colorbar= cv2.imread ("/home/pi/Desktop/ProjectNDVI/NDVIcolormap.jpg",1) 

 

colorbar=cv2.resize (colorbar,None, fx=.8,fy=.4,interpolation=cv2.INTER_CUBIC) 

 

 

print (colorbar.shape) 

colorbarjet=cv2.imread("/home/pi/Desktop/ProjectNDVI/jetcolorbar.jpg",1) 
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print (colorbarjet.shape) 

 

 

#fastie colormap 

def fastieColorMap(ndvi) : 

 

    fastie = np.zeros((256, 1, 3), dtype=np.uint8) 

    fastie[:, 0, 2] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204, 

200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132, 

128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56, 60, 

64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136, 140, 

145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208, 212, 

216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225, 220, 

215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141, 136, 

131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 66, 77, 87, 98, 

108, 119, 129, 140, 131, 122, 113, 105, 96, 87, 78, 70, 61, 52, 43, 35, 26, 17, 8, 0, 7, 

15, 23, 31, 39, 47, 55, 63, 71, 79, 87, 95, 103, 111, 119, 127, 135, 143, 151, 159, 167, 

175, 183, 191, 199, 207, 215, 223, 231, 239, 247, 255, 255, 255, 255, 255, 255, 255, 

255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 

255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 

255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 

255, 255, 255, 255, 255, 255] 

    fastie[:, 0, 1] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204, 

200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132, 

128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56, 60, 

64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136, 140, 

145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208, 212, 

216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225, 220, 

215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141, 136, 
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131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 66, 77, 87, 98, 

108, 119, 129, 140, 147, 154, 161, 168, 175, 183, 190, 197, 204, 211, 219, 226, 233, 

240, 247, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 

255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 

255, 249, 244, 239, 233, 228, 223, 217, 212, 207, 201, 196, 191, 185, 180, 175, 170, 

164, 159, 154, 148, 143, 138, 132, 127, 122, 116, 111, 106, 100, 95, 90, 85, 79, 74, 69, 

63, 58, 53, 47, 42, 37, 31, 26, 21, 15, 10, 5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 

    fastie[:, 0, 0] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204, 

200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132, 

128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56, 60, 

64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136, 140, 

145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208, 212, 

216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225, 220, 

215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141, 136, 

131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 80, 105, 130, 155, 

180, 205, 230, 255, 239, 223, 207, 191, 175, 159, 143, 127, 111, 95, 79, 63, 47, 31, 15, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 

207, 223, 239] 

 

 

    color = cv2.LUT(ndvi, fastie) 

 

   

    return color; 

 

#begin camera collection 

###############################  End of NDVI Function 

############################## 
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def run(): 

     

    ##################################### Start MQTT Function 

############### 

        print("Connected with result code " + str(rc)) 

        client.subscribe("/leds/pi") 

 

    def on_message(client, userdata, msg): 

        print(msg.topic+" "+str( msg.payload)) 

        if msg.topic == '/leds/pi': 

            if msg.payload == b'TakePhoto': 

                curtime = datetime.datetime.now() 

                formattedTime = curtime.strftime("%Y%m%d-%H:%M:%S") 

                client.publish('/leds/esp8266', str("{0:.3f}".format(ndvi_Mean))) 

                

cv2.imwrite("/home/pi/Desktop/ProjectNDVI/MQTT_takephoto/NDVI"+formattedTim

e+".jpg", combined) 

                GPIO.output(LED_PIN, GPIO.HIGH) 

                sleep(1) #  1sec 

                GPIO.output(LED_PIN, GPIO.LOW) 

                 

# Create MQTT client and connect to localhost, i.e. the Raspberry Pi running    

# this script and the MQTT server.    

 

################ End of MQTT Function ######################### 

    with picamera.PiCamera() as camera: 

 

        # Set the camera parameters 

        x = 400 #400 
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 #       camera.resolution = (int(1.33 * x), x) 

        camera.resolution = (544, x)  

        # Various optional camera settings below: 

        camera.framerate = 30 

        camera.awb_mode = 'off' 

     #red/blue camera ratios from 0 to 8 

         

        client = mqtt.Client()    

        client.on_connect = on_connect    

        client.on_message = on_message    

        client.connect('localhost', 1883, 60)    

        client.loop_start() 

 #       camera.awb_gains = (Red_gain,Blue_gain) 

 

        # Need to sleep to give the camera time to get set up properly 

        time.sleep(1) 

 

        with picamera.array.PiRGBArray(camera) as stream: 

            while True: 

                camera.capture(stream, format='bgr', use_video_port=True) 

                image = stream.array 

 

                image1=image  

                Red_gain=35 

                Blue_gain=4 

                Frame_rate=30 

                camera.awb_gains = (Red_gain/10,Blue_gain/10) 

                camera.framerate = Frame_rate 

                # Get the individual colour components of the image 

                b, g, r = cv2.split(image) 
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                #start video capture 

                ret, image = cap.read() 

                # Calculate the NDVI 

                # Bottom of fraction 

                bottom = (r.astype(float) + b.astype(float)) 

                bottom[bottom == 0] = 0.01  # Make sure we don't divide by zero 

                ndvi = (r.astype(float) - b) / bottom 

                ndvi_Mean = ndvi.mean() 

                print("mean ndvi = {0:.3f}".format(ndvi_Mean)) 

                ndvi = contrast_stretch(ndvi) 

                ndvi = ndvi.astype(np.uint8) 

                ndvijet = cv2.applyColorMap(ndvi, cv2.COLORMAP_JET) 

                ndvi = cv2.cvtColor(ndvi, cv2.COLOR_GRAY2BGR); 

                # NOTE : im_gray is 3-channel image with identical 

                ndvifastie = fastieColorMap(ndvi) 

                # Do the labelling 

                label(image1, 'RGB') 

                label(ndvifastie, 'NDVI/fastie') 

                label(r, 'RED') 

                label(ndvijet, 'NDVI/Jet') 

               # Combine ready for display 

                combined = disp_multiple(image1,ndvifastie,r, ndvijet) 

# colorbar fastie 

 

                rows,cols,channels = colorbar.shape 

 

                roi = colorbar[0:rows, 0:cols ] 

                                 

                # Now create a mask of logo and create its inverse mask also 

                img2gray = cv2.cvtColor(colorbar,cv2.COLOR_BGR2GRAY) 

                ret, mask = cv2.threshold(img2gray, 10, 255, cv2.THRESH_BINARY) 
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                mask_inv = cv2.bitwise_not(mask) 

                # Now black-out the area of logo in ROI 

                img1_bg = cv2.bitwise_and(roi,roi,mask = mask_inv) 

 

                 

                # Take only region of logo from logo image. 

                img2_fg = cv2.bitwise_and(colorbar,colorbar,mask = mask) 

                 

                 

                # Put logo in ROI and modify the main image 

                dst = cv2.add(img1_bg,img2_fg) 

 

              

                combined[775:(775+rows), 25:(25+cols)] = dst 

# colorbar jet 

                rows,cols,channels = colorbarjet.shape 

                roi = colorbarjet[0:rows, 0:cols ] 

                # Now create a mask of logo and create its inverse mask also 

                img2gray = cv2.cvtColor(colorbarjet,cv2.COLOR_BGR2GRAY) 

                ret, mask = cv2.threshold(img2gray, 10, 255, cv2.THRESH_BINARY) 

                mask_inv = cv2.bitwise_not(mask) 

                # Now black-out the area of logo in ROI 

                img1_bg = cv2.bitwise_and(roi,roi,mask = mask_inv) 

                # Take only region of logo from logo image. 

                img2_fg = cv2.bitwise_and(colorbarjet,colorbarjet,mask = mask) 

                # Put logo in ROI and modify the main image 

                dst = cv2.add(img1_bg,img2_fg) 

                combined[775:(775+rows), 720:(720+cols)] = dst 

                cv2.putText(combined,str(Red_gain/10),(750,50),font,2,(0,0,256),4) 

                cv2.putText(combined,str(Blue_gain/10),(200,50),font,2,(256,0,0),4) 
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                cv2.putText(combined,str("Mean NDVI = 

{0:.3f}".format(ndvi_Mean)),(0,770),font,1,(0,0,0),4) 

                stream.truncate(0) 

 

print('Script is running, press Ctrl-C to quit...') 

     

if __name__ == '__main__': 

 

    run() 
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