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𝑅(𝜏) =
𝑆𝑚𝑎𝑥 − 𝑆(𝜏)

𝑆𝑚𝑎𝑥
,

𝑅(𝜏) 𝜏

𝑆(𝜏) 𝜏

𝑆𝑚𝑎𝑥



 

 

 

 

 

 

 



 



 

𝑝 = ∏𝑝𝑖

𝑛

𝑖=1

 ,

𝑝𝑖 = 1 − ∏(1 − 𝑝𝑖𝑗)

𝑚𝑖

𝑗=1

 ,

𝑝𝑖𝑗



 

𝑚𝑖

𝑝 = ∏[1 − ∏(1 − 𝑝𝑖𝑗)

𝑚𝑖

𝑗=1

]

𝑛

𝑖=1

∇2𝑇 = 0

∇2𝑈 = 0



 

∇2

 

 

 

𝑆 ⊂ × {𝑉𝑖: 𝑖 ∈ 𝐼}

𝑉𝑖

𝐼

𝑉𝑖

𝑆 ⊂  𝑉1 × 𝑉2 × ⋯× 𝑉𝑛 

𝑉1 × 𝑉2 × ⋯× 𝑉𝑛 [�⃗�1, �⃗�2, … , �⃗�𝑛] �⃗�𝑖 ∈  𝑉𝑖 𝑖 =

1,2,… , 𝑛

�⃗�𝑖

𝑉𝑖

 



 

 

𝑋 = {𝑉𝑖: 𝑖 ∈ 𝐼𝑥} 

𝑌 =  {𝑉𝑖: 𝑖 ∈ 𝐼𝑦}

𝑆 ⊂  𝑋 × 𝑌 

𝑃 ∶ 𝑋 × 𝑀 → 𝑌 

𝐺 ∶ 𝑀 × 𝑌 → 𝑉

∈ ∈ ∈

𝑚𝑥 ∈ 𝑀 𝑚 ∈ 𝑀

𝐺(𝑚𝑥, 𝑃(𝑥,𝑚𝑥))  ≤ 𝐺(𝑚, 𝑃(𝑥,𝑚))

𝑦 = 𝑃(𝑥,𝑚𝑥)

∈ ∈



 

𝑌𝑘 = 𝐶𝑘𝑙 × 𝑋𝑙  

𝐂𝑘𝑙 = [c𝑖𝑗]

𝑐𝑖𝑗 = {
1, 𝑎𝑘𝑜 𝑗𝑒 𝑖 − 𝑡𝑖 𝑖𝑧𝑙𝑎𝑧 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎 𝑘 𝑖𝑠𝑡𝑜𝑣𝑟𝑒𝑚𝑒𝑛𝑜 𝑗 − 𝑡𝑖 𝑢𝑙𝑎𝑧 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎 𝑙,

0, 𝑠𝑢𝑝𝑟𝑜𝑡𝑎𝑛 𝑠𝑙𝑢č𝑎𝑗.

𝐶𝑘𝑙 𝐶𝑙𝑘

𝐂𝑘𝑙

𝐂 = [

𝐂11  𝐂12  ⋯ 𝐂1𝑛

𝐂21 𝐂22 ⋯ 𝐂2𝑛

⋮ ⋮ ⋯ ⋮
𝐂𝑛1 𝐂𝑛1 ⋯ 𝐂𝑛𝑛

]

 

 

 

 

 

 



 

 

 

 

𝐶0
′ 𝐶0

′′

𝐶0
′ = [𝑐𝑜𝑙] 𝐶0

′′ = [𝑐𝑘𝑜]

𝑐0𝑙 = {
1, 𝑎𝑘𝑜 𝑗𝑒 𝑢𝑙𝑎𝑧 𝑙 − 𝑡𝑜𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎 𝑖𝑧 𝑜𝑘𝑟𝑢ž𝑒𝑛𝑗𝑎,

0, 𝑠𝑢𝑝𝑟𝑜𝑡𝑎𝑛 𝑠𝑙𝑢č𝑎𝑗.

𝑐𝑘𝑜 = {
1, 𝑎𝑘𝑜 𝑖𝑧𝑙𝑎𝑧 𝑘 − 𝑡𝑜𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎 𝑣𝑜𝑑𝑖 𝑢 𝑜𝑘𝑟𝑢ž𝑒𝑛𝑗𝑒,

0, 𝑠𝑢𝑝𝑟𝑜𝑡𝑎𝑛 𝑠𝑙𝑢č𝑎𝑗.

𝐶0
′ 𝐶0

′′

𝐶0
′ 𝐶0

′′



 

𝐂 =

[
 
 
 
 
0  𝐶12   𝐶13  𝐶14 0
0 𝐶22  𝐶23  0 0
0 𝐶32 0 𝐶34 0
0 0 0 0 0
0 0 0 0 0]

 
 
 
 

𝐶0
′ = [ 𝐶𝑜1   𝐶𝑜2  0 0 0]

𝐶0
′′ =

[
 
 
 
 

0
0

𝐶3𝑜

𝐶4𝑜

0 ]
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https://information-dynamics.github.io/complexity/information/2019/06/26/lempel-ziv.html
https://information-dynamics.github.io/complexity/information/2019/06/26/lempel-ziv.html
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 𝑃𝑎𝑣𝑔  𝑡𝑐𝑦𝑐𝑙𝑒

 𝐸𝑝𝑎𝑟𝑡

 𝑛𝑝𝑒𝑟_𝑐𝑦𝑐𝑙𝑒

𝐸𝑝𝑎𝑟𝑡 =
𝑡𝑐𝑦𝑐𝑙𝑒𝑃𝑎𝑣𝑔

𝑛𝑝𝑒𝑟_𝑐𝑦𝑐𝑙𝑒



 

 𝐸𝑠𝑡𝑟𝑜𝑘𝑒

𝐸𝑝𝑜𝑡𝑒𝑧𝑎

𝐸𝑠𝑡𝑟𝑜𝑘𝑒

 𝑃𝑖𝑑𝑙𝑒

 𝑡𝑖𝑑𝑙𝑒

 𝑡𝑐𝑦𝑐𝑙𝑒

𝐸𝑠𝑡𝑟𝑜𝑘𝑒

 𝑡𝑠𝑡𝑟𝑜𝑘𝑒

 𝑛𝑠𝑡𝑟𝑜𝑘𝑒 𝐸𝑝𝑎𝑟𝑡

𝑛𝑠𝑡𝑟𝑜𝑘𝑒 𝑡𝑐𝑦𝑐𝑙𝑒

𝐸𝑝𝑎𝑟𝑡 = 𝑛𝑠𝑡𝑟𝑜𝑘𝑒𝐸𝑠𝑡𝑟𝑜𝑘𝑒 + 𝐸𝑖𝑑𝑙𝑒

𝐸𝑝𝑎𝑟𝑡 = 𝑛𝑠𝑡𝑟𝑜𝑘𝑒𝐸𝑠𝑡𝑟𝑜𝑘𝑒 + 𝑡𝑖𝑑𝑙𝑒𝑃𝑖𝑑𝑙𝑒

𝑡𝑖𝑑𝑙𝑒 = 𝑡𝑐𝑦𝑐𝑙𝑒 − 𝑛𝑠𝑡𝑟𝑜𝑘𝑒𝑡𝑠𝑡𝑟𝑜𝑘𝑒

 𝑃𝑎𝑣𝑔

𝐸𝑠𝑡𝑟𝑜𝑘𝑒



 

 𝑥

 𝑎 𝑏

 𝑃𝑎𝑣𝑔  𝐸𝑠𝑡𝑟𝑜𝑘𝑒

𝐸𝑠𝑡𝑟𝑜𝑘𝑒 = 𝑎1 + 𝑏1𝑥

𝑃𝑎𝑣𝑔 = 𝑎2 + 𝑏2𝑥

𝐸𝑖

 𝑉

𝑒𝑖

𝑒𝑖 =
𝑒𝑖

𝑉



 



 

𝑚

 𝑛𝑖

𝐸𝑎𝑛𝑛𝑢𝑎𝑙 = ∑(𝑛𝑖𝑆𝑃𝐸𝑖)

𝑚

𝑖=1

 𝑡𝑐𝑦𝑐𝑙𝑒  𝑡𝑎𝑛𝑛𝑢𝑎𝑙_𝑟𝑢𝑛

 𝑡𝑎𝑛𝑛𝑢𝑎𝑙_𝑠𝑒𝑡𝑢𝑝

 𝑃𝑖𝑑𝑙𝑒

𝐸𝑎𝑛𝑛𝑢𝑎𝑙 =
𝑆𝑃𝐸

𝑡𝑐𝑦𝑐𝑙𝑒
𝑡𝑎𝑛𝑛𝑢𝑎𝑙_𝑟𝑢𝑛 + 𝑃𝑖𝑑𝑙𝑒𝑡𝑎𝑛𝑛𝑢𝑎𝑙_𝑠𝑒𝑡𝑢𝑝



 

𝑃𝑐𝑜𝑎𝑡_𝑎𝑣𝑔 

𝐸𝑝𝑒𝑟 𝑝𝑎𝑟𝑡 = 𝑃𝑐𝑜𝑎𝑡_𝑎𝑣𝑔 

2.5 [ℎ]

55 [𝑝𝑎𝑟𝑡]

𝐸𝑠𝑡𝑟𝑜𝑘𝑒 

 𝑃𝑖𝑑𝑙𝑒



 

𝑃 = 1678 [𝑊] + 𝑛ℎ𝑒𝑎𝑡𝑒𝑟 ∙ 5766 [𝑊]

𝑒ℎ𝑒𝑎𝑡

 𝐸𝑖𝑑𝑙𝑒

𝐸𝑝𝑎𝑟𝑡 = 𝐸𝑖𝑑𝑙𝑒 + 𝑉𝑝𝑎𝑟𝑡 ∙ 𝑒ℎ𝑒𝑎𝑡



 

 𝐸𝑝𝑜𝑖𝑛𝑡𝑖𝑛𝑔

 𝐸𝑡𝑜𝑜𝑙_𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒

𝐸𝑏𝑜𝑟𝑒/𝑡𝑟𝑒𝑎𝑑 = ℎ𝑑𝑒𝑝𝑡ℎ[𝑐𝑚] ∙ 2,76 [
𝑊ℎ

𝑐𝑚
] ℎ𝑑𝑒𝑝𝑡ℎ

𝐸𝑝𝑜𝑖𝑛𝑡𝑖𝑛𝑔 = 1,34 [𝑊ℎ]

𝐸𝑟𝑜𝑢𝑔ℎ_𝑓𝑎𝑐𝑒_𝑚𝑖𝑙𝑙 = 𝑉[𝑐𝑚3] ∙ 0,525 [
𝑊ℎ

𝑐𝑚3]

𝑉𝐸𝑟𝑜𝑢𝑔ℎ_𝑠𝑖𝑑𝑒_𝑚𝑖𝑙𝑙 = 𝑉[𝑐𝑚3] ∙ 1,383 [
𝑊ℎ

𝑐𝑚3]

𝐸𝑟𝑜𝑢𝑔ℎ_𝑓𝑎𝑐𝑒 & 𝑠𝑖𝑑𝑒_𝑚𝑖𝑙𝑙 = 𝑉[𝑐𝑚3] ∙ 0,954 [
𝑊ℎ

𝑐𝑚3]

𝐸𝑓𝑖𝑛𝑖𝑠ℎ_𝑓𝑎𝑐𝑒_𝑚𝑖𝑙𝑙 = 𝐴[𝑐𝑚2] ∙ 0,069 [
𝑊ℎ

𝑐𝑚2]
𝐴

𝐸𝑓𝑖𝑛𝑖𝑠ℎ_𝑠𝑖𝑑𝑒_𝑚𝑖𝑙𝑙 = 𝐴[𝑐𝑚2] ∙ 0,169 [
𝑊ℎ

𝑐𝑚2]

𝐸𝑡𝑜𝑜𝑙_𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 = 8,1 [𝑊ℎ]
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℃
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℃

℃



 



 



 



 

 



 

 



 

 



 

 



 

 



 

 

//-----------------------EmonLib-------------------------------- 

// EmonLibrary examples openenergymonitor.org, Licence GNU GPL V3 

  #include <RTClib.h> 
  #include "EmonLib.h"                   
   

  EnergyMonitor emon1;                   
  EnergyMonitor emon2;                    
  EnergyMonitor emon3;                    
   

  float irms1; 
  float irms2; 
  float irms3; 
  float temp = 0; 
   

  float I1=0; 
  float I2=0; 
  float I3=0; 
 

  char I1_text[7]; 
  char I2_text[7]; 
  char I3_text[7]; 
  char temp_text[7]; 
   

  char txArray[40];    // TX array with all measurments for storage on SD and 

send via ESP8266 modules 
   

  #define sampleNo  1480    // masurment cycle approx 50Hz 
  #define DEBUG 0 

//--------------------------------------------------------------- 

//------------------------------ OLED --------------------------- 

 

  #include "SSD1306Ascii.h" 

  #include "SSD1306AsciiAvrI2c.h" 

   

  #define I2C_ADDRESS 0x3C 

  #define RST_PIN -1    // Define proper RST_PIN if required. 

   

  SSD1306AsciiAvrI2c oled; 

 

//-------------------------------------------------------------- 
 



 

 

//--------------------------- SD Module ------------------------- 

 

  #include <SPI.h> 

  #include <SD.h>      

 

  File myFile; 

  //RTC_DS1307 RTC; 

  #define pinCS   4  

  #define pinCS2  5 

 

//-------------------------------------------------------------- 
 

//--------------------- RTC ------------------------------------ 

   

  #include <DS3231.h>  

  DS3231  rtc(SDA, SCL); 

 

  String sampleTimeStamp, sampleDate; 

 

//-------------------------------------------------------------- 
 

//--------------------- Soft Serial for ESP -------------------- 

 

#include <SoftwareSerial.h> 

// software serial #1: (RX, TX) 

SoftwareSerial ESPSerial(3, 2); 

 

//-------------------------------------------------------------- 
 



 

 

void setup() 
{ 
  pinMode(10, OUTPUT);      // Power LED 
  pinMode(9, OUTPUT);  // Red LED 
  //pinMode(4, OUTPUT);  // chipSelect for SD card 
  digitalWrite(10, HIGH); 
   

  Serial.begin(115200); 
  ESPSerial.begin(115200); 
  

  rtc.begin(); 
   

  #if RST_PIN >= 0 
    oled.begin(&Adafruit128x64, I2C_ADDRESS, RST_PIN); 
  #else // RST_PIN >= 0 
    oled.begin(&Adafruit128x64, I2C_ADDRESS); 
  #endif // RST_PIN >= 0 
 

  // calibration (100A / 0.05A) / 33.4 Ohms = 59.88 
  // https://learn.openenergymonitor.org/electricity-monitoring/ctac/calibration 
 

  #define calibrationScale  59.88 
   

  emon1.current(1, calibrationScale);   // Current: input pin, calibration. 
  emon2.current(2, calibrationScale);   // Current: input pin, calibration. 
  emon3.current(3, calibrationScale);   // Current: input pin, calibration. 
   

  if (!SD.begin(4)) 
  { 
    if (DEBUG) 
    { 
      Serial.print("Failed to init SD card."); 
    } 
  } 
  else 
  { 
    myFile = SD.open("data.txt", FILE_WRITE); 
    if (myFile)  
    { 
      myFile.println("Timestamp;S1;S2;S3;Temp"); 
      myFile.close();  
 

      if (DEBUG) 
      { 
        Serial.print("Passed to init SD card and wrote header.");    
      } 
    }     
  } 
   

  irms1 = 0; 
  irms2 = 0; 
  irms3 = 0; 
 

  I1 = 0; 
  I2 = 0; 
  I3 = 0;  
 

  //rtc.setTime(22, 56, 0);     // Set the time to 12:00:00 (24hr format) 
  //rtc.setDate(28, 8, 2018);   // Set the date to January 1st, 2014 
} 



 

 

void PersistAndReplicateData()  
{ 
  String dataRow=" "; 
  dataRow = sampleDate + '-' + sampleTimeStamp + ',' + txArray; 
 

  myFile = SD.open("data.txt", FILE_WRITE); 
   

  if (myFile)  
  { 
    digitalWrite(9,HIGH); // Green LED 
    delay(120); 
    digitalWrite(9,LOW); 
     

    myFile.println(dataRow); 
    myFile.close(); 
 

    if (DEBUG) 
    { 
      Serial.print("Data updated on SD card.");   
    } 
  } 
  else 
  { 
    if (DEBUG) 
    { 
      Serial.print("Can't open file on SD card.");   
    } 
  } 
   

  Serial.print(dataRow + '\n');   // Sending data to ESP8266 
} 
 



 

 

void loop() 

{  

  temp = rtc.getTemp(); 

   

  irms1 = emon1.calcIrms(1480);  // Calculate Irms only 

  irms2 = emon2.calcIrms(1480);  // Calculate Irms only 

  irms3 = emon3.calcIrms(1480);  // Calculate Irms only 

 

  sampleTimeStamp = rtc.getTimeStr(); 

  sampleDate = rtc.getDateStr(); 

   

  I1 = irms1-0.117; 

  I2 = irms2-0.117; 

  I3 = irms3-0.117; 

   

  if(I1<1.7) I1=0;     

  if(I2<0.6) I2=0; 

  if(I3<0.6) I3=0; 

 

  dtostrf(I1, 6, 2, I1_text); 

  dtostrf(I2, 6, 2, I2_text); 

  dtostrf(I3, 6, 2, I3_text); 

  dtostrf(temp, 6, 2, temp_text); 

   

  snprintf(txArray, 40, "%s,%s,%s,%s", I1_text, I2_text, I3_text, temp_text); 

 

  //Serial.println(txArray);    // only for Telemetry   

   

  oled.setFont(Adafruit5x7); 

  oled.set1X(); 

  oled.setCursor(0, 0); 

  oled.println("Current profiler"); 

  oled.setCursor(60, 8); 

  oled.print("    "); 

  oled.println("      "); 

 

  oled.set2X(); 

  oled.setCursor(0, 16); 

  oled.print("S1: "); 

  oled.println(I1);  

  oled.print("S2: "); 

  oled.println(I2); 

  oled.print("S3: "); 

  oled.println(I3); 

   

  PersistAndReplicateData(); 

} 



 

 

//----------------------- Telemetry Viewer ---------------------- 

 

char I1_text[30]; 

  char I2_text[30]; 

  char I3_text[30]; 

  char temp_text[30]; 

 

  dtostrf(I1, 10, 10, I1_text); 

  dtostrf(I2, 10, 10, I2_text); 

  dtostrf(I3, 10, 10, I3_text); 

  dtostrf(temp, 10, 10, temp_text); 

 

//char text[125]; 

  snprintf(text, 125, "%s,%s,%s,%s", I1_text, I2_text, I3_text, temp_text); 

   

  //Serial.println(text); 
 

//-------------------------------------------------------------- 
 



 

 



 

 

//----------------------- ESP8266 MQTT ---------------------- 

 

/* 

 This sketch demonstrates the capabilities of the pubsub library in combina-

tion with the ESP8266 board/library. 

*/ 

 

#include <ESP8266WiFi.h> 

#include <PubSubClient.h> 

 

// Update these with values suitable for your network. 

 

const char* ssid = "EnergyPulse"; 
const char* password = "energypulse"; 
const char* mqtt_server = "51.104.33.180"; 
 

WiFiClient espClient; 
PubSubClient client(espClient); 
unsigned long lastMsg = 0; 
#define MSG_BUFFER_SIZE  (50) 

char msg[MSG_BUFFER_SIZE]; 
int value = 0; 
 

String inputString = "";         // a String to hold incoming data 
bool stringComplete = false;  // whether the string is complete 
 

 

void setup_wifi() { 
 

  delay(10); 
  // We start by connecting to a WiFi network 
  Serial.println(); 
  Serial.print("Connecting to "); 
  Serial.println(ssid); 
 

  WiFi.mode(WIFI_STA); 
  WiFi.begin(ssid, password); 
 

  while (WiFi.status() != WL_CONNECTED)  
  { 
    delay(500); 
    Serial.print("."); 
  } 
 

  randomSeed(micros()); 
 

  Serial.println(""); 
  Serial.println("WiFi connected"); 
  Serial.println("IP address: "); 
  Serial.println(WiFi.localIP()); 
} 
 



 

 

 

void callback(char* topic, byte* payload, unsigned int length) { 

  Serial.print("Message arrived ["); 

  Serial.print(topic); 

  Serial.print("] "); 

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

    Serial.print((char)payload[i]); 

  } 

  Serial.println(); 

 

  // Switch on the LED if an 1 was received as first character 

  if ((char)payload[0] == '1') { 

    digitalWrite(BUILTIN_LED, LOW);   // Turn the LED on (Note that LOW is 

the voltage level 

    // but actually the LED is on; this is because 

    // it is active low on the ESP-01) 

  } else { 

    digitalWrite(BUILTIN_LED, HIGH);  // Turn the LED off by making the volt-

age HIGH 

  } 

 

} 
 

 

void reconnect() { 
  // Loop until we're reconnected 
  while (!client.connected()) { 
    Serial.print("Attempting MQTT connection..."); 
    // Create a random client ID 
    String clientId = "ESP8266Client-"; 
    clientId += String(random(0xffff), HEX); 
    // Attempt to connect 
    if (client.connect(clientId.c_str(),"*****","******"))  
    { 
      Serial.println("connected"); 
      // Once connected, publish an announcement... 
      client.publish("outTopic", "hello world"); 
      // ... and resubscribe 
      client.subscribe("inTopic"); 
    }  
    else  
    { 
      Serial.print("failed, rc="); 
      Serial.print(client.state()); 
      Serial.println(" try again in 5 seconds"); 
      // Wait 5 seconds before retrying 
      delay(5000); 
    } 
  } 
} 
 



 

 

 

void setup() { 

  pinMode(BUILTIN_LED, OUTPUT);     // Initialize the BUILTIN_LED pin as an 

output 

  Serial.begin(115200); 

  setup_wifi(); 

  client.setServer(mqtt_server, 1883); 

  client.setCallback(callback); 

} 
 

 

void loop()  
{ 
  if (!client.connected())  
  { 
    reconnect(); 
  } 
  //client.loop(); 
  serialEvent(); 
  if (stringComplete)  
  { 
      Serial.println(inputString); 
       

      snprintf (msg, MSG_BUFFER_SIZE, inputString.c_str()); 
      Serial.print("Publish message: "); 
      Serial.println(msg); 
       

      client.publish("Device_ESP8266", msg); 
 

      // clear the string: 
      inputString = ""; 
      stringComplete = false; 
  } 
} 
 



 

 

 

void serialEvent() 

{ 

  while (Serial.available())  

  { 

    char inChar = (char)Serial.read(); 

    if (inChar == '\n')  

    { 

      stringComplete = true; 

    } 

    else 

    { 

      inputString += inChar; 

    } 

  } 

} 
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https://app.datawrapper.de/preview/BKm1L#embed
https://app.datawrapper.de/preview/9NhY2#embed
https://app.datawrapper.de/preview/BKm1L#embed
https://app.datawrapper.de/preview/9NhY2#embed


 

 

𝑃 = 𝑈 ∙ 𝐼 ∙ cos 𝜑 [W] 

cos 𝜑

 cos𝜑 = 1

cos𝜑 cos𝜑



 

 

𝑃 = 𝑈 ∙ 𝐼 ∙ sin𝜑 [VAr] 

sin𝜑 

𝑃 = 𝑈 ∙ (𝐼1 + 𝐼2 + 𝐼3) ∙ cos 𝜑 [W]

𝑃 =
𝑈 ∙ (𝐼1 + 𝐼2 + 𝐼3) ∙ cos 𝜑 [W]

1000
 [kW]

9 

https://app.datawrapper.de/preview/ytdY3#embed
https://app.datawrapper.de/preview/sD0AR#embed
https://app.datawrapper.de/preview/ytdY3#embed
https://app.datawrapper.de/preview/sD0AR#embed


 

 

 𝑊

 𝐹

𝑊 = 𝐹 ∙ ∆𝑡

11  

https://app.datawrapper.de/preview/DpSXI#embed
https://app.datawrapper.de/preview/DpSXI#embed


 

 

∆𝑡

𝑃(𝑡) = �⃗�(𝑡) ∙ �⃗�(𝑡)

�⃗�(𝑡)

𝐸(𝑡)

𝐸(𝑡) = ∫ 𝑃(𝑡)

𝑡𝑘

𝑡𝑝

𝑑𝑡

𝑡𝑝 𝑡𝑘

𝑃(𝑡) =
𝑑𝐸(𝑡)

𝑑𝑡

𝐸 = ∑𝑃

𝑡𝑘

𝑡𝑝

∙ 0,0002777778 [kWh]



 

 

𝐸𝑀[kg] = 𝐸 [kWh] ∙ 0,53 [kg/kWh]



 

 

 

 

 

 

https://app.datawrapper.de/preview/GCQ15#embed
https://app.datawrapper.de/preview/T6RKf#embed
https://app.datawrapper.de/preview/GCQ15#embed
https://app.datawrapper.de/preview/T6RKf#embed
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𝑖 𝑡𝑖𝑖
𝑖

 

 

 

 

https://app.datawrapper.de/preview/4cVEk#embed
https://app.datawrapper.de/preview/4cVEk#embed


 

 

 

 

 

 

 

 

 

𝑟𝑛 = 3,5 min/kom

𝑡𝑚𝑜𝑖 = 10 min/kom

𝑖𝑛 = 7 ser/god

𝐾𝑒 = 180000 min/god

𝑇𝐶𝑈 = 1 ∙ 𝑆𝑒 = 1 ∙ 7,5 ∙  60 = 450 min

𝑟𝑛

𝑟𝑛 =
𝐾𝑒

𝑞𝑗
 [min kom⁄ ]

𝑞𝑗 𝐾𝑒

𝐾𝑒

𝐾𝑒 = 𝑚𝑒 ∙  𝑆𝑒 ∙ 𝑛𝑒 ∙ 𝜂𝑒 ∙ 60 [min god⁄ ]

 𝑚𝑒 = 244 [rd/god]  

 𝑆𝑒 = 2 [sm/dan]  

 𝑛𝑒 = 7,5 [h/sm]

 

 𝜂𝑒 = 0,78, 

 



 

 

 𝐾𝑒 = 171288 min/god

𝑇𝐶𝑈

𝑞𝑗 =
𝐾𝑒

𝑟𝑛
= 51429 [kom/god]

𝑇𝑖

𝑡𝑖𝑖 𝑞𝑗 𝑇𝑖

𝑇𝑖 = 𝑡𝑖𝑖 ∙  𝑞𝑗 [min/god]

𝑇1 = 205716min/god
𝑇2 = 154287min/god
𝑇3 = 102858min/god
𝑇4 = 308574min/god
𝑇5 = 180001min/god
𝑇6 = 360003min/god
𝑇7 = 462281min/god

∑𝑇𝑖 > 𝐾𝑒

𝑘𝑠𝑒𝑟 > 1

𝑇𝑖 > 𝐾𝑒

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 𝑀𝑖𝑖  

 𝑛 [kom/ser]  

 

𝑡𝑖𝑖
′  [min/kom]  

𝑀𝑖𝑖 =
𝑡𝑖𝑖 ∙ 𝑞𝑗

𝐾𝑒
𝑖𝑙𝑖 ⟹ 𝑀𝑖𝑖 =

𝑡𝑖𝑖
𝑟𝑛

 𝑛

𝑛 =
𝑞𝑗

𝑖𝑛
 [kom/ser]

 𝑡𝑖𝑖
′

𝑡𝑖𝑖
′ =

𝑡𝑖𝑖
𝑀𝑖𝑖

 [min/kom]

𝑀𝑖𝑖 =
𝑡𝑖𝑖 ∙ 𝑞𝑗

𝐾𝑒
𝑖𝑙𝑖 ⟹ 𝑀𝑖𝑖 =

𝑡𝑖𝑖
𝑟𝑛

𝑡𝑖𝑖
′ =

𝑡𝑖𝑖
𝑀𝑖𝑖

 [𝑚in/kom] 𝑛 =
𝑞𝑗

𝑖𝑛
 [kom/ser]



 

 

𝑀𝑖1
𝑝

=
𝑡𝑖1 ∙ 𝑞𝑗

𝐾𝑒
= 1,14 => 𝑀𝑖1

𝑢 = 2

𝑀𝑖2
𝑝

=
𝑡𝑖2 ∙ 𝑞𝑗

𝐾𝑒
= 0,86 => 𝑀𝑖2

𝑢 = 1

𝑀𝑖3
𝑝

=
𝑡𝑖3 ∙ 𝑞𝑗

𝐾𝑒
= 0,57 => 𝑀𝑖3

𝑢 = 1

𝑀𝑖4
𝑝

=
𝑡𝑖4 ∙ 𝑞𝑗

𝐾𝑒
= 1,71 => 𝑀𝑖4

𝑢 = 2

𝑀𝑖5
𝑝

=
𝑡𝑖5 ∙ 𝑞𝑗

𝐾𝑒
= 1 => 𝑀𝑖5

𝑢 = 1

𝑀𝑖6
𝑝

=
𝑡𝑖6 ∙ 𝑞𝑗

𝐾𝑒
= 2 => 𝑀𝑖6

𝑢 = 2

𝑀𝑖7
𝑝

=
𝑡𝑖7 ∙ 𝑞𝑗

𝐾𝑒
= 2,57 => 𝑀𝑖7

𝑢 = 3

𝑡𝑖1
′ = 2

𝑡𝑖2
′ = 3

𝑡𝑖3
′ = 2

𝑡𝑖4
′ = 3

𝑡𝑖5
′ = 3,5

𝑡𝑖6
′ = 3,5

𝑡𝑖7
′ = 3

𝑛 = 7347 

 𝑀𝑖𝑖
𝑝

 𝑀𝑖𝑖
𝑢

 𝑇𝑐𝑝



 

 

 

 𝑇𝑐𝑝

𝑇𝑐𝑡 = 𝑡𝑖1
′ + 𝑡𝑖2

′ + 𝑡𝑖3
′ + 𝑡𝑖4

′ + 𝑡𝑖5
′ ∙ 𝑛 + 𝑡𝑖6

′ + 𝑡𝑖7
′ = 2 + 3 + 2 + 3 + 25714.5 + 3.5 + 3 = 25731 min/ser

𝑇𝑐𝑝 = 𝑇𝑐𝑡 + ∑𝑡𝑚𝑜𝑖 = 25801 min/ser

  𝑇𝑐𝑡

 𝑟𝑠

𝑟𝑠 =
𝐾𝑒

𝑖𝑛
= 25714 min/ser



 

 

𝑇𝑐𝑝 = 25801 min/ser,  𝑟𝑠 = 25714 min/ser  
𝑇𝑐𝑝 − 𝑟𝑠 = 87 min

 

(𝑇𝑧)

 𝑇𝑧
4𝑜𝑝

 
𝑇𝑧

4𝑜𝑝
= 𝑟𝑠 + 𝑇𝑝 − 𝑇𝑘

𝑇𝑝 𝑇𝑘

𝑇𝑝 = 𝑡𝑖1
′ + 𝑡𝑖2

′ + 𝑡𝑖3
′ + 3 ∙ 𝑡𝑚𝑜𝑖 = 37 min

𝑇𝑘 = 𝑇𝑝 + 𝑛 ∙ 𝑡𝑖4
′ = 22078 min

↓

𝑇𝑧
4𝑜𝑝

= 𝑟𝑠 + 𝑇𝑝 − 𝑇𝑘 = 25714 + 37 − 22078 = 3673 min



 

 

𝑇𝑐𝑝
45948 = ?

𝐴𝑘𝑜 𝑛 = 7347 kom/ser → 45948 𝑘𝑜𝑚 𝑠𝑒 𝑛𝑎𝑙𝑎𝑧𝑖 𝑢 7 𝑠𝑒𝑟𝑖𝑗𝑖

𝑇𝑐𝑝
45948 =  6 ∙ 𝑟𝑠 + 𝑇𝑐𝑝

1866

𝑇𝑐𝑝
1866 = 𝑡𝑖1

′ + 𝑡𝑖2
′ + 𝑡𝑖3

′ + 𝑡𝑖4
′ + 𝑡𝑖5

′ ∙ 1866 + 𝑡𝑖6
′ + 𝑡𝑖7

′ + ∑𝑡𝑚𝑜𝑖 =

= 2 + 3 + 2 + 3 + 6531 + 3,5 + 3 + 70 = 6617,5 min

↓

 𝑇𝑐𝑝
45948 =  6 ∙ 25714 + 6617,5 = 160901,5 min

 𝑇𝑅𝐷

𝑇𝑅𝐷 =
𝑇𝑐𝑝

45948

𝑛𝑒 ∙ 𝑆𝑒 ∙ 𝜂𝑒 ∙ 60
= 229,2 ≈ 230 RD,

  𝑇𝐾𝐷

𝑇𝐾𝐷 =
𝑇𝑅𝐷 ∙ 365

𝑚𝑒
= 341,46 ≈ 342 KD

𝑡𝑚3  𝑡𝑚7  𝑡𝑚



 

 

𝑇𝑚 = (𝑡𝑚3 + 𝑡𝑚7) ∙ (𝑛 − 1) = 1,5 ∙ 7346 = 11019 min/ser

↓

𝑇𝑀 = 𝑇𝑚 ∙ 𝑖𝑛 = 11019 ∙ 7 = 77133 min/qj

↓

𝑇𝑅𝐷 =
𝑇𝑀

𝑛𝑒 ∙ 𝑆𝑒 ∙ 𝜂𝑒 ∙ 60
= 109,88 ≈ 110 RD/qj,

↓

𝑇𝐾𝐷 =
𝑇𝑅𝐷 ∙ 365

𝑚𝑒
= 164,36 ≈ 165 KD/qj

 𝜏 

𝜏2−3 = (𝑛 − 1)𝑡𝑚3 = 7346 min

𝜏6−7 = (𝑛 − 1)𝑡𝑚7 = 3673 min



 

 

 𝑇𝑐𝑝

𝑇𝑐𝑡 = 𝑡𝑖1
′ + 𝑛 ∙ 𝑡𝑖2

′ − (𝑛 − 2) ∙ 𝑡𝑖3
′ + 𝑡𝑖4

′ + 𝑛 ∙ 𝑡𝑖5
′ + 𝑡𝑖6

′ + 𝑡𝑖7
′ = 2 + 22041 − 14690 + 3 + 25714,5 + 3,5 + 3 = 33071 min/ser

𝑇𝑐𝑝 = 𝑇𝑐𝑡 + ∑𝑡𝑚𝑜𝑖 = 33147 min/ser

 𝑇𝑐𝑝 = 25801 min/ser  𝑇𝑐𝑝 = 33071 min/ser

 𝑟𝑠

𝑇𝑐𝑝 = 33071 min/ser,  𝑟𝑠 = 25714 min/ser  

𝑇𝑐𝑝 − 𝑟𝑠 = 7357 min



 

 

 
𝑇𝑧

4𝑜𝑝
= 𝑟𝑠 + 𝑇𝑝 − 𝑇𝑘

𝑇𝑝 = 𝑡𝑖1
′ + 𝑛 ∙ 𝑡𝑖2

′ − (𝑛 − 2) ∙ 𝑡𝑖3
′ + 3 ∙ 𝑡𝑚𝑜𝑖 = 2 + 22041 − 14690 + 30 = 7383 min

𝑇𝑘 = 𝑇𝑝 + 𝑛 ∙ 𝑡𝑖4
′ = 29424 min

↓

𝑇𝑧
4𝑜𝑝

= 𝑟𝑠 + 𝑇𝑝 − 𝑇𝑘 = 25714 + 7383 − 29424 = 3673 min

𝑇𝑐𝑝
45948 = ? ; 𝐴𝑘𝑜 𝑛 = 7347[𝑘𝑜𝑚/𝑠𝑒𝑟] → 45948 𝑘𝑜𝑚 𝑠𝑒 𝑛𝑎𝑙𝑎𝑧𝑖 𝑢 7 𝑠𝑒𝑟𝑖𝑗𝑖 𝑇𝑐𝑝

45948 =  6 ∙ 𝑟𝑠 + 𝑇𝑐𝑝
1866

𝑇𝑐𝑝
1866 = 𝑡𝑖1

′ + 𝑡𝑖2
′ + 𝑡𝑖3

′ + 𝑡𝑖4
′ + 𝑡𝑖5

′ ∙ 1866 + 𝑡𝑖6
′ + 𝑡𝑖7

′ + ∑𝑡𝑚𝑜𝑖 = 2 + 3 + 2 + 3 + 6531 + 3.5 + 3 + 70 = 6617,5 min

↓

𝑇𝑐𝑝
45948 =  6 ∙ 25714 + 6617,5 = 160901,5 min≈ 230 RD ≈ 342 KD



 

 

 𝑇𝑐𝑢

 𝜂𝑖𝑖

𝜂𝑖𝑖 =
𝑀𝑖𝑖

𝑝

𝑀𝑖𝑖
𝑢

𝑀𝑖𝑖 =
𝑡𝑖𝑖 ∙ 𝑞𝑗

𝐾𝑒
𝑖𝑙𝑖 ⟹ 𝑀𝑖𝑖 =

𝑡𝑖𝑖
𝑟𝑛

𝑀𝑖1
𝑝

=
𝑡𝑖1 ∙ 𝑞𝑗

𝐾𝑒
= 1,14 => 𝑀𝑖1

𝑢 = 2

𝑀𝑖2
𝑝

=
𝑡𝑖2 ∙ 𝑞𝑗

𝐾𝑒
= 0,86 => 𝑀𝑖2

𝑢 = 1

𝑀𝑖3
𝑝

=
𝑡𝑖3 ∙ 𝑞𝑗

𝐾𝑒
= 0,57 => 𝑀𝑖3

𝑢 = 1

𝑀𝑖4
𝑝

=
𝑡𝑖4 ∙ 𝑞𝑗

𝐾𝑒
= 1,71 => 𝑀𝑖4

𝑢 = 2

𝑀𝑖5
𝑝

=
𝑡𝑖5 ∙ 𝑞𝑗

𝐾𝑒
= 1 => 𝑀𝑖5

𝑢 = 1

𝑀𝑖6
𝑝

=
𝑡𝑖6 ∙ 𝑞𝑗

𝐾𝑒
= 2 => 𝑀𝑖6

𝑢 = 2

𝑀𝑖7
𝑝

=
𝑡𝑖7 ∙ 𝑞𝑗

𝐾𝑒
= 2,57 => 𝑀𝑖7

𝑢 = 3

𝜂𝑖𝑖 =
𝑀𝑖𝑖

𝑝

𝑀𝑖𝑖
𝑢

𝜂𝑖1 = 0,57

𝜂𝑖2 = 0,86

𝜂𝑖3 = 0,57

𝜂𝑖4 = 0,86

𝜂𝑖5 = 1

𝜂𝑖6 = 1

𝜂𝑖7 = 0,86

𝜂𝑖𝑖

 𝑄𝑛

𝑄𝑛 =
𝑇𝑐𝑢

𝑟𝑛
= 129 [kom]



 

 

𝑀𝑖𝑖 = 12; 𝑅𝑖𝑖 = 11 𝑀𝑖𝑖 = 12; 𝑅𝑖𝑖 = 11



 

 

 𝑡𝑖𝑖

𝑀𝑖𝑖 ≥ 1

𝑞𝑥

𝑡𝑚 𝑖 + 1 𝑖 + 1

𝑇𝑐𝑢 𝑞𝑜𝑝𝑡

𝑞𝑥

𝑄𝑚𝑎𝑥

 𝑞𝑥

𝑞𝑥 = 𝑇𝑐𝑢 ∙ [
∑ 𝑘𝑖𝑖

𝑡𝑖𝑖
−

∑𝑘𝑖𝑖+1

𝑡𝑖𝑖+1
]

𝑘𝑖𝑖  𝑖

 𝑥  𝜂𝑖𝑖 𝜂𝑖𝑖 ≤ 𝑘𝑖𝑖



 

 

𝒒𝒙 = 𝑻𝒄𝒖 ∙ [
∑ 𝒌𝒊𝒊

𝒕𝒊𝒊
−

∑𝒌𝒊𝒊+𝟏

𝒕𝒊𝒊+𝟏
]

𝑞(1−2)
(0.14)

= 450 ∙ [
2 ∙ 0.14

4
−

0

3
] = 450 ∙ (0.07 − 0) = 31.5 ≈ 32 kom

𝑞𝑜𝑝𝑡
(1−2)

= 0 [𝑘𝑜𝑚]; 𝑞𝑥
(1−2)

= 𝑞(1−2)
(0.14)

= 32 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(1−2)

= 𝑞𝑜𝑝𝑡
(1−2)

+ 𝑞𝑥
(1−2)

= 32 kom

𝑞(2−3)
(0.14)

= 450 ∙ [
0

3
−

0.14

2
] = 450 ∙ (0 − 0.07) = −31.5 ≈ −32 kom

𝑞(2−3)
(0.57)

= 450 ∙ [
0.43

3
−

0.57

2
] = 450 ∙ (0.143 − 0.285) = −63.9 ≈ −64 kom

𝑞𝑜𝑝𝑡
(2−3)

= |𝑞(2−3)
(0.57)

| = 64 [𝑘𝑜𝑚]; 𝑞𝑥
(2−3)

= 0 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(2−3)

= 𝑞𝑜𝑝𝑡
(2−3)

+ 𝑞𝑥
(2−3)

= 64 kom

𝑞(3−4)
(0.57)

= 450 ∙ [
0.57

2
−

2 ∙ 0.57

6
] = 450 ∙ (0.285 − 0.19) = 42.75 ≈ 43 kom

𝑞(3−4)
(0.71)

= 450 ∙ [
0.57

2
−

2 ∙ 0.71

6
] = 450 ∙ (0.285 − 0.237) = 21.6 ≈ 22 kom

𝑞𝑜𝑝𝑡
(3−4)

= 0 [𝑘𝑜𝑚]; 𝑞𝑥
(3−4)

= 𝑞(3−4)
(0.57)

= 43 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(3−4)

= 𝑞𝑜𝑝𝑡
(3−4)

+ 𝑞𝑥
(3−4)

= 43 kom

𝑞(4−5)
(0.71)

= 450 ∙ [
2 ∙ 0.71

6
−

0.71

3.5
] = 450 ∙ (0.237 − 0.203) = 15.3 ≈ 16 kom

𝑞𝑜𝑝𝑡
(4−5)

= 0 [𝑘𝑜𝑚]; 𝑞𝑥
(4−5)

= 𝑞(4−5)
(0.71)

= 16 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(4−5)

= 𝑞𝑜𝑝𝑡
(4−5)

+ 𝑞𝑥
(4−5)

= 16 kom

𝑁𝑒𝑚𝑎 𝑠𝑚𝑖𝑠𝑙𝑎   (7 = 2 ∙ 3.5; 𝑀𝑖5
(100%)

= 𝑄𝑛 → 𝑀𝑖6
(100%)

∙ 2 = 𝑄𝑛)

𝑞(6−7)
(0.57)

= 450 ∙ [
2 ∙ 0.57

7
−

2 ∙ 0.57

9
] = 450 ∙ (0.163 − 0.19) = −12.5 ≈ −13 kom

𝑞𝑜𝑝𝑡
(6−7)

= |𝑞(6−7)
(0.57)

| = 13 [𝑘𝑜𝑚]; 𝑞𝑥
(6−7)

= 0 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(6−7)

= 𝑞𝑜𝑝𝑡
(6−7)

+ 𝑞𝑥
(6−7)

= 13 kom



 

 

𝑞(1−2)
(0.14)

= 450 ∙ [
2 ∙ 0.14

4
−

0.14

3
] = 450 ∙ (0.07 − 0.047) = 10.35 ≈ 11 kom

𝑞(1−2)
(0.86)

= 450 ∙ [
0.86 + 0.14

4
−

0.86

3
] = 450 ∙ (0.25 − 0.287) = −16.65 ≈ −17 kom

𝑞𝑜𝑝𝑡
(1−2)

= |𝑞(1−2)
(0.86)

| = 17 [𝑘𝑜𝑚]; 𝑞𝑥
(1−2)

= 𝑞(1−2)
(0.14)

= 11 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(1−2)

= 𝑞𝑜𝑝𝑡
(1−2)

+ 𝑞𝑥
(1−2)

= 28 kom

𝑞(2−3)
(0.14)

= 450 ∙ [
0.14

3
−

0

2
] = 450 ∙ (0.047 − 0) = 21.15 ≈ 22 kom

𝑞(2−3)
(0.71)

= 450 ∙ [
0.71

3
−

0.57

2
] = 450 ∙ (0.237 − 0.285) = −21.6 ≈ −22 kom

𝑞𝑜𝑝𝑡
(2−3)

= |𝑞(2−3)
(0.71)

| = 22 [𝑘𝑜𝑚]; 𝑞𝑥
(2−3)

= 𝑞(2−3)
(0.14)

= 22 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(2−3)

= 𝑞𝑜𝑝𝑡
(2−3)

+ 𝑞𝑥
(2−3)

= 44 kom

𝑞(3−4)
(0.14)

= 450 ∙ [
0

2
−

2 ∙ 0.14

6
] = 450 ∙ (0 − 0.047) = −21.15 ≈ −22 kom

𝑞(3−4)
(0.71)

= 450 ∙ [
0.57

2
−

2 ∙ 0.71

6
] = 450 ∙ (0.285 − 0.237) = 21.6 ≈ 22 kom

𝑞𝑜𝑝𝑡
(3−4)

= |𝑞(3−4)
(0.14)

| = 22 [𝑘𝑜𝑚]; 𝑞𝑥
(3−4)

= 𝑞(3−4)
(0.71)

= 22 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(3−4)

= 𝑞𝑜𝑝𝑡
(3−4)

+ 𝑞𝑥
(3−4)

= 44 kom

𝑞(4−5)
(0.71)

= 450 ∙ [
2 ∙ 0.71

6
−

0.71

3.5
] = 450 ∙ (0.237 − 0.203) = 15.3 ≈ 16 kom

𝑞𝑜𝑝𝑡
(4−5)

= 0 [𝑘𝑜𝑚]; 𝑞𝑥
(4−5)

= 𝑞(4−5)
(0.71)

= 16 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(4−5)

= 𝑞𝑜𝑝𝑡
(4−5)

+ 𝑞𝑥
(4−5)

= 16 kom

𝑁𝑒𝑚𝑎 𝑠𝑚𝑖𝑠𝑙𝑎   (7 = 2 ∙ 3.5; 𝑀𝑖5
(100%)

= 𝑄𝑛 → 𝑀𝑖6
(100%)

∙ 2 = 𝑄𝑛)

𝑞(6−7)
(0.57)

= 450 ∙ [
2 ∙ 0.57

7
−

2 ∙ 0.57

9
] = 450 ∙ (0.163 − 0.19) = −12.5 ≈ −13 kom

𝑞𝑜𝑝𝑡
(6−7)

= |𝑞(6−7)
(0.57)

| = 13 [𝑘𝑜𝑚]; 𝑞𝑥
(6−7)

= 0 [𝑘𝑜𝑚]; 𝑄𝑚𝑎𝑥
(6−7)

= 𝑞𝑜𝑝𝑡
(6−7)

+ 𝑞𝑥
(6−7)

= 13 kom



 

 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

cd 'D:\Absolute_CNC\Merenja\Ready' 

    set xdata time 

    set xrange ["2020-08-31,09:24:26":"2020-09-30,09:30:55"] 

    set format x "%d"   

    set timefmt "%Y-%m-%d,%H:%M:%S" 

    set datafile sep ","   

    set title "Temperatura/Struja/Snaga za mesec"   

 

plot "HAAS(SL20HE)_READY.txt" using 1:5 with lines t "temperatura" lc rgb 

"red" lt 1 

set xlabel "September"     

 

# Temperatura  

set ylabel "Temperatura, [°C]" 

 

# Struja  

plot "HAAS(SL20HE)_READY.txt" using 1:2 with lines t "Struja, [A] - S1" lc 

rgb "red" lt 1, "HAAS(SL20HE)_READY.txt" using 1:3 with lines t "Struja, [A] 

- S2" lc rgb "blue" lt 1, "HAAS(SL20HE)_READY.txt" using 1:4 with lines t 

"Struja, [A] - S3" lc rgb "green" lt 1  

 

# Snaga  

set ylabel "Snaga, [kW]" 
 

 

https://www.youtube.com/watch?v=EJjMZO2U1Vs
http://www.gnuplot.info/
https://www.youtube.com/watch?v=EJjMZO2U1Vs
http://www.gnuplot.info/


 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

https://orangedatamining.com/
https://orangedatamining.com/
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in_object  df = in_object  

 

 

 

o 

o 

o 
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Data info 

--------------------- 

Name: haas 1a 

Rows: 43221 

Features: 5 numeric 

 

 

 

 

 

Input data 

--------------------- 

Features: Samples, S1, S2, S3, P 
 

Output data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples 
Removed: 1 (P) 

 

 



 

 

 

Number of clusters: 9 
Optimization: initialize with KMeans++,  

100 re-runs limited to 300 steps 
 

Data 

---------------------------------  

Data instances: 43221 
Features: S1, S2, S3 
Meta attributes: Samples 

 

Silhouette scores for different numbers of clusters 

----------------------------------------------------- 

2 0.987 
3 0.677 
4 0.815 
5 0.822 
6 0.828 
7 0.836 
8 0.857 
9 0.857 
 



 

 

 

Data instances: 43221 
Features: 3 
Meta attributes: 3 
 

   Samples    Cluster   Silhouette S1 S2 S3 

 

 1  C4  ?  5.23 4.22 3.64 

 2  C1  ?  0 0 0 

 3  C1  ?  0 0.73 0 

 4  C1  ?  0 0.66 0 

 5  C1  ?  0 0 0 

 6  C1  ?  0 0 0 

 7  C1  ?  0 0 0 

 8  C1  ?  0 0 0 

 9  C1  ?  0 0 0 

 10  C1  ?  0 0 0 

 

+ 43211 more 

 

 



 

 

 

Method: t-SNE 

 

Method parameters 

---------------------------------  

 

n_components: 2 
metric: Euclidean 
perplexity: 9 
early_exaggeration: 12 
learning_rate: 200 
n_iter: 1000 
initialization: pca 

 

Data 

--------------------------------- 

Data instances: 43221 
Features: S1, S2, S3 
Meta attributes: Samples 

 



 

 

 

Data instances: 43221 

Features: 2 

Meta attributes: 1 

 

   Samples t-SNE-x t-SNE-y 

 

 1   82.3273  27.1961 

 2  -0.84186  -1.72398 

 3  -22.6334  36.8539 

 4  -22.6331  36.8537 

 5 -0.841861 -1.72398 

 6 -0.841861 -1.72398 

 7 -0.841861 -1.72398 

 8 -0.841861 -1.72398 

 9 -0.841861 -1.72398 

 10 -0.841861 -1.72398 

 

+ 43211 more 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3 

Meta attributes: Samples, Cluster, Silhouette 
 

Output data 

--------------------- 

No changes. 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples, Cluster, Silhouette 

 

Output data 

--------------------- 

Features: Samples 

Meta attributes: S1, S2, S3 

Target: Cluster  

Removed: 1 (Silhouette) 
 



 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples, Cluster, Silhouette 

 

Output data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Cluster 
Removed: 2 (Silhouette, Samples) 
 

 

 

Merging: Find matching pairs of rows 

Match: 'Samples' with 'Samples' 
 

 

 

Data instances: 43221 

Features: 5 

Meta attributes: 3 

 
 Samples Cluster Silhouette t-SNE-x t-SNE-y S1 S2 S3 

 

    1      C4     ?  82.3273 27.1961 5.23 4.22 3.64 

    2      C1     ?  -0.84186 -1.72398 0 0 0 

    3      C1     ?  -22.6334 36.8539 0 0.73 0 

    4      C1     ?  -22.6331 36.8537 0 0.66 0 

    5      C1     ?  -0.841861 -1.72398 0 0 0 

    6      C1     ?  -0.841861 -1.72398 0 0 0 

    7      C1     ?  -0.841861 -1.72398 0 0 0 

    8      C1     ?  -0.841861 -1.72398 0 0 0 

    9      C1     ?  -0.841861 -1.72398 0 0 0 

   10      C1     ?  -0.841861 -1.72398 0 0 0 

 

+ 43211 more 

 



 

 

 

https://chart-studio.plotly.com/
https://chart-studio.plotly.com/


 

 

 



 

 



 

 

 

 

Input data 

--------------------- 

Features: Samples, S1, S2, S3, P 
 

Output data 

--------------------- 

Features: P 
Meta attributes: Samples 
Removed: 3 (S1, S2, S3) 
 

 

 

Merging: Find matching pairs of rows 

Match: 'Samples' with 'Samples' 
 

 

 

 Sampling type: Random sample with 4999 data instances, deterministic 

 Input: 43221 instances 

 Sample: 4999 instances 

 Remaining: 38222 instances 
 



 

 

 

Data instances: 4999 
Features: 4 
Meta attributes: 3 

 
     Samples  Cluster  Silhouette  S1 S2 S3 P 
 

 14949  C6  ?  0 1.44 1.67 1.12271 
 34877  C1  ?  0 0 0 0 

 29954  C2  ?  0 1.96 2.37 1.56313 

 1672  C2  ?  0 1.83 2.39 1.52342 

 9130  C4  ?  1.96 2.12 2.61 2.41509 

 31999  C6  ?  0 1.5 1.75 1.17325 

 35212  C1  ?  0 0 0 0 

 2508  C6  ?  0 1.49 1.74 1.16603 

 31592  C2  ?  0 1.92 2.39 1.55591 

 10455  C2  ?  0 1.83 2.37 1.5162 

 

+ 4989 more 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3, P 

Meta attributes: Samples, Cluster, Silhouette 
 

Output data 

--------------------- 

Features: S1, S2, S3, P 
Target: Cluster 
Removed: 2 (Samples, Silhouette) 
 

 



 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3, P 
Meta attributes: Samples, Cluster, Silhouette 

 

Output data 

--------------------- 

Features: P 

Meta attributes: Samples 
Target: Cluster 
Removed: 4 (S1, S2, S3, Silhouette) 
 

 



 

 

 



 

 

 

Data 

--------------------- 

Instances: 81 

Condition: Count is greater than 0.000000 

 

Output 

--------------------- 

Matching data: 9 instances 

Non-matching data: 72 instances 
 

 

Input data 

--------------------- 

Features: Bin, Cluster, Count 
 

Output data 

--------------------- 

Features: Count 
Meta attributes: Cluster 
Removed: 1 (Bin) 
 



 

 

 

 

Data instances: 9 

Features: 3 

Meta attributes: 1 

 
    Cluster  S1  S2  S3 

 

1 C1   -0.28776   -1.02445   -1.15768 

2 C2   -0.28776   0.31445   0.42640 

3 C3   57.54921   55.45552   52.80910 

4 C4   1.07771   0.51753   0.55248 

5 C5   -0.28776   0.78640   3.87199 

6 C6   -0.28776   0.01119   -0.01217 

7 C7   8.85068   1.50857   0.94783 

8 C8   5.83153   9.22447   2.98267 

9 C9   -0.06183   6.78159   7.50837 

 

 

 

Merging: Find matching pairs of rows 
Match: 'Cluster' with 'Cluster' 

 



 

 

 

Data instances: 9 
Features: 4 
Meta attributes: 1 

 
  Cluster Count  S1  S2  S3 
 

1    C6  16101    -0.28776    0.01119    -0.01217 

2    C2  9873    -0.28776    0.31445    0.42640 

3    C1  8759    -0.28776    -1.02445    -1.15768 

4    C4  8160    1.07771    0.51753    0.55248 

5    C5  145    -0.28776    0.78640    3.87199 

6    C9  65    -0.06183    6.78159    7.50837 

7    C7  65    8.85068    1.50857    0.94783 

8    C8  46    5.83153    9.22447    2.98267 

9    C3  7    57.54921    55.45552    52.80910 

 

 



 

 



 

 

 

 

Data instances: 43221 
Features: 5 
Meta attributes: None 

 
 Samples S1  S2  S3  P 

 
    1  5.23  4.22  3.64  4.72549 

    2  0  0  0  0 

    3  0  0.73  0  0.26353 

    4  0  0.66  0  0.23826 

    5  0  0  0  0 

    6  0  0  0  0 

    7  0  0  0  0 

    8  0  0  0  0 

    9  0  0  0  0 

    10  0  0  0  0 

 

+ 43211 more 

 

 

 

Input data 

--------------------- 

Features: Samples, S1, S2, S3, P 
 

Output data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples 
Target: P  
 



 

 

 

𝑓(∙): 𝑅𝑚 → 𝑅𝑜

𝑚 𝑜

{ 𝑥𝑖 ∣∣ 𝑥1, 𝑥2, … , 𝑥𝑚 }

 𝑥1𝑤1 + 𝑥2𝑤2 + ⋯+ 𝑥𝑚𝑤𝑚

 𝑔(∙): 𝑅 → 𝑅



 

 

 

Name: Neural Network 
 

Model parameters 

--------------------- 

Hidden layers: 4 
Neurons per layer: 512, 256, 128, 64 
Activation: ReLu 
Solver: Adam 
Alpha: 0.0001 
Max iterations: 100 
Replicable training: True 

 

Data 

--------------------- 

Data instances: 43221 
Features: S1, S2, S3 
Meta attributes: Samples 
Target: P 
 



 

 



 

 

 

 

Info 

--------------------- 

Data: 43221 instances, 5 variables 
Features: 3 numeric (No missing values) 
Target: numeric 
Metas: numeric 
 

--------------------- 
Model: 1 model (Neural Network)  
--------------------- 

 

Data & Predictions 

--------------------- 

 

    Neural Network P Samples  S1  S2  S3 

 

   4.59021    4.72549    1  5.23 4.22 3.64 
   0.00158145    0     2  0 0 0 

   0.238722    0.26353    3  0 0.73 0 

  0.214423    0.23826    4  0 0.66 0 

   0.00158145    0     5  0 0 0 

   0.00158145    0     6  0 0 0 

   0.00158145    0     7  0 0 0 

   0.00158145    0     8  0 0 0 

   0.00158145    0     9  0 0 0 

  0.00158145    0    10  0 0 0 

 
+ 43111 more 

 
Scores 

--------------------- 

 

     Model   MSE  RMSE  MAE  R2 
Neural Network 0.003      0.053      0.014     0.999 

 

 



 

 

 

Data instances: 43221 
Features: 3 
Meta attributes: 2 
Target: Numeric variable ‘P’ 

--------------------- 
 

    Neural Network P Samples  S1  S2  S3 

 

   4.59021    4.72549    1  5.23 4.22 3.64 
   0.00158145    0     2  0 0 0 

   0.238722    0.26353    3  0 0.73 0 

  0.214423    0.23826    4  0 0.66 0 

   0.00158145    0     5  0 0 0 

   0.00158145    0     6  0 0 0 

   0.00158145    0     7  0 0 0 

   0.00158145    0     8  0 0 0 

   0.00158145    0     9  0 0 0 

  0.00158145    0    10  0 0 0 

 
+ 43111 more 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples, Neural Network 
Target: P  

 

Output data 

--------------------- 

Features: P, Neural Network  
Meta attributes: Samples 

  Removed: 3 (S1, S2, S3) 
 

 

 



 

 

 

 

Data instances: 31585 
Features: 6 
Meta attributes: None 

 
 

Samples  S1  S2  S3    T  P 

   1  0  0  1.07    28  0.39 

   2  0  0.92  0    28  0.33 

   3  0  0.86  0    28  0.31 

   4  0  0.86  0    28  0.31 

   5  0  0.87  0    28  0.31 

   6  1.72  1.26  0    28  1.08 

   7  0  1.38  0    28  0.5 

   8  0  1.38  0    28  0.5 

   9  0  1.36  0    28  0.49 

  10  0  1  0    28  0.36 

 
+ 31575 more 

 

 



 

 

 

Input data 

--------------------- 

Features: Samples, S1, S2, S3,T, P 
 

Output data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples 
Target: P  

Removed: 1(T) 
 

 

 



 

 

 

Info 

--------------------- 

Data: 31585 instances, 5 variables 
Features: 3 numeric (No missing values) 
Target: numeric 
Metas: numeric 
 

--------------------- 
Model: 1 model (Neural Network)  
--------------------- 

 

Data & Predictions 

--------------------- 

 

    Neural Network P Samples  S1  S2  S3 

 

   0.382081    0.39    1  0 0 1.07 
   0.310235    0.33    2  0 0.92 0 

   0.287279    0.31    3  0 0.86 0 

  0.287279    0.31    4  0 0.86 0 

   0.291087    0.31    5  0 0.87 0 

   0.68547    1.08    6  1.72 1.26 0 

   0.486474    0.5    7  0 1.38 0 

   0.486474    0.5    8  0 1.38 0 

   0.486474    0.49    9  0 1.36 0 

  0.340914    0.36   10  0 1 0 

 
+ 31575 more 

 
Scores 

--------------------- 

 

     Model   MSE  RMSE  MAE  R2 
Neural Network 0.015      0.123      0.059     0.997 

 

 



 

 

 

Data instances: 31585 
Features: 3 
Meta attributes: 2 
Target: Numeric variable ‘P’ 
--------------------- 
 

    Neural Network P Samples  S1  S2  S3 

 

   0.382081    0.39    1  0 0 1.07 
   0.310235    0.33    2  0 0.92 0 

   0.287279    0.31    3  0 0.86 0 

  0.287279    0.31    4  0 0.86 0 

   0.291087    0.31    5  0 0.87 0 

   0.68547    1.08    6  1.72 1.26 0 

   0.486474    0.5    7  0 1.38 0 

   0.486474    0.5    8  0 1.38 0 

   0.486474    0.49    9  0 1.36 0 

  0.340914    0.36   10  0 1 0 

 
+ 31575 more 

 

 

 

Input data 

--------------------- 

Features: S1, S2, S3 
Meta attributes: Samples, Neural Network 
Target: P  

 

Output data 

--------------------- 

Features: P, Neural Network  
Meta attributes: Samples 

  Removed: 3 (S1, S2, S3) 
 

 

 



 

 



 

 

 

https://datawrapper.dwcdn.net/h5T0t/1
https://datawrapper.dwcdn.net/kysUc/1
https://datawrapper.dwcdn.net/h5T0t/1
https://datawrapper.dwcdn.net/kysUc/1


 

 

 

https://datawrapper.dwcdn.net/Y1YC8/1
https://datawrapper.dwcdn.net/Y1YC8/1


 

 

𝑌𝑡 =

𝑓(𝑌𝑡−1, 𝑌𝑡−2, … , 𝑌𝑡−𝑝)

𝑌𝑡 = 𝑓(𝑌𝑡−1, 𝑌𝑡−2, 𝑌𝑡−3)

ts = [1621.0, 1536.0, 1500.0, 1434.0, 1489.0, 1620.0]

X = [ 

[1621.0, 1536.0, 1500.0], # prva tri koraka 

[1536.0, 1500.0, 1434.0], # druga tri koraka 

[1500.0, 1434.0, 1489.0], # treća tri koraka 

] 

 

Y = [1434.0, 1489.0, 1620.0] 

 

yhat

lag predict_steps



 

 

 

 

 

# mount google drive 

from google.colab import drive 

drive.mount('/content/drive')  
 

 

import pandas as pd 

import numpy as np 

from datetime import datetime, timedelta 

from matplotlib import pyplot as plt 

 

# Deep learning packages 

from keras.models import Sequential 

from keras.layers import LSTM, Dense 

  
  

# Reading the input data 

 

d = pd.read_csv('/content/drive/MyDrive/phd_lstm/Pinnacle1.csv')  
 

 

# Formating to datetime 

d['Datetime'] = [datetime.strptime(x, '%m/%d/%Y %H:%M:%S') for x in d['Datetime']] 

  
 

https://research.google.com/colaboratory/faq.html
https://jupyter.org/
https://research.google.com/colaboratory/faq.html
https://jupyter.org/


 

 

 

d_p = d['P'] 

plt.figure(figsize=(12, 8)) 

d_p.plot() 

plt.show()   

  
 

 

### POMOCNE FUNKCIJE 

 

def create_X_Y(ts: list, lag: int) -> tuple: 

    X, Y = [], [] 

 

    if len(ts) - lag <= 0: 

        X.append(ts) 

    else: 

        for i in range(len(ts) - lag): 

            Y.append(ts[i + lag]) 

            X.append(ts[i:(i + lag)]) 

 

    X, Y = np.array(X), np.array(Y) 

 

    X = np.reshape(X, (X.shape[0], X.shape[1], 1)) 

 

    return X, Y          

  
 



 

 

def create_data_for_NN(data, Y_var, lag, train_test_split, use_last_n=None): 

    # Extracting the main variable we want to model/forecast 

    y = data[Y_var].tolist() 

 

    # Subseting the time series if needed 

    if use_last_n is not None: 

        y = y[-use_last_n:] 

 

    # The X matrix will hold the lags of Y  

    X, Y = create_X_Y(y, lag) 

 

    # Creating training and test sets  

    X_train = X 

    X_test = [] 

 

    Y_train = Y 

    Y_test = [] 

 

    if train_test_split > 0: 

        index = round(len(X) * train_test_split) 

        X_train = X[:(len(X) - index)] 

        X_test = X[-index:]      

         

        Y_train = Y[:(len(X) - index)] 

        Y_test = Y[-index:] 

 

    return X_train, X_test, Y_train, Y_test 

  
  

data = d   

Y_var = 'P' 

lag = 30 

train_test_split = 0.2 

 

X_train, X_test, Y_train, Y_test = cre-

ate_data_for_NN(data, Y_var, lag, train_test_split, use_last_n=None) 

  
 

 



 

 

# Defining the model 

model = Sequential() 

model.add(LSTM(200, activation='relu', return_sequences=True, in-

put_shape=(lag, 1))) 

model.add(LSTM(300, activation='relu')) 

model.add(Dense(256)) 

model.add(Dense(64)) 

model.add(Dense(32)) 

model.add(Dense(1)) 

# model.compile(optimizer='adam', loss='accuracy') 

model.compile(optimizer='adam', loss='mse') 

# Defining the model parameter dict  

keras_dict = { 

    'x': X_train, 

    'y': Y_train, 

    'validation_data':[X_test, Y_test], 

    'batch_size': 256, 

    'epochs': 15, 

    'shuffle': False 

} 

# Fitting the model  

model.fit(**keras_dict)  
 

 

Epoch 1/15 

89/89 [=================]- 25s 245ms/step - loss: 4.4309 - val_loss: 3.5671 

Epoch 2/15 

89/89 [=================]- 21s 236ms/step - loss: 2.6693 - val_loss: 2.2504 

Epoch 3/15 

89/89 [=================]- 19s 218ms/step - loss: 1.6371 - val_loss: 1.4424 

Epoch 4/15 

89/89 [=================]- 21s 233ms/step - loss: 1.1837 - val_loss: 1.0652 

Epoch 5/15 

89/89 [=================]- 20s 221ms/step - loss: 1.1548 - val_loss: 1.0261 

Epoch 6/15 

89/89 [=================]- 20s 224ms/step - loss: 1.0322 - val_loss: 0.9253 

Epoch 7/15 

89/89 [=================]- 20s 222ms/step - loss: 0.9166 - val_loss: 0.8933 

Epoch 8/15 

89/89 [=================]- 19s 219ms/step - loss: 0.8276 - val_loss: 0.7635 

Epoch 9/15 

89/89 [=================]- 20s 225ms/step - loss: 0.7690 - val_loss: 0.6764 

Epoch 10/15 

89/89 [=================]- 20s 221ms/step - loss: 0.7529 - val_loss: 0.6461 

Epoch 11/15 

89/89 [=================]- 21s 240ms/step - loss: 0.7444 - val_loss: 0.6442 

Epoch 12/15 

89/89 [=================]- 20s 226ms/step - loss: 0.6982 - val_loss: 0.6092 

Epoch 13/15 

89/89 [=================]- 20s 229ms/step - loss: 0.6927 - val_loss: 0.7230 

Epoch 14/15 

89/89 [=================]- 20s 223ms/step - loss: 0.6860 - val_loss: 0.6308 

Epoch 15/15 

89/89 [=================]- 20s 221ms/step - loss: 0.6700 - val_loss: 0.6129 



 

 

 

 

 

model.summary() 
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Model: "sequential_10" 

_________________________________________________________________ 

 Layer (type)                Output Shape              Param #    

================================================================= 

 lstm (LSTM)                 (None, 30, 200)           161600     

                                                                  

 lstm_1 (LSTM)               (None, 300)               601200     

                                                                  

 dense (Dense)               (None, 256)               77056      

                                                                  

 dense_1 (Dense)             (None, 64)                16448      

                                                                  

 dense_2 (Dense)             (None, 32)                2080       

                                                                  

 dense_3 (Dense)             (None, 1)                 33  

                                                                  

================================================================= 

Total params: 858,417 

Trainable params: 858,417 

Non-trainable params: 0 

 

 

# Vizuelizacija modela 

from keras.utils.vis_utils import plot_model 

plot_model(model, to_file='model_plot.png', show_shapes=True, show_layer_names=True) 

 
 
 



 

 

 

yhat = model.predict(X_test)  
 

 

plt.figure(figsize=(25, 10)) 

plt.plot(Y_test) 

 
 
 

plt.figure(figsize=(25, 10)) 

plt.plot(yhat) 

plt.plot(yhat) 

 
 
 

plt.figure(figsize=(25, 10)) 

plt.plot(Y_test) 

plt.plot(yhat) 

 
 
 



 

 



 

 



 

 

 

data_haas = pd.read_csv('/content/drive/MyDrive/phd_lstm/haas_1_datetime_p.csv') 

 
 
 

# AKO DAN NIJE DOBAR, DA SE IZVUCE LEP DEO 

haas_rad = data_haas.iloc[2000:2000+len(X_test)].copy() 

haas_rad.reset_index(drop=True, inplace=True) 

plt.figure(figsize=(12, 8)) 

haas_rad['P'].plot() 

plt.show()  
 



 

 

 

Y_var = 'P' 

lag = 30 

train_test_split = 1 

 

X_train_h,  

X_test_h,  

Y_train_h,  

Y_test_h = create_data_for_NN(haas_rad, Y_var, lag, train_test_split, use_last_n=None) 

 
 
  

plt.figure(figsize=(25, 10)) 

plt.plot(Y_test) 

 
 
 

plt.figure(figsize=(25, 10)) 

plt.plot(yhat) 

plt.plot(yhat) 

 
 
 

plt.figure(figsize=(25, 10)) 

plt.plot(Y_test) 

plt.plot(yhat) 

 
 
 



 

 



 

 



 

 

 
# evaluacija modela na Haasu. 

score = model.evaluate(X_test_h, Y_test_h) 

print(score) 

 
 
 

177/177 [==============================]- 3s 16ms/step - loss: 0.6213 

      0.6212949156761169 

 
# sačuvaj model 

model.save("pinnacle_model_fin.h5") 
 

 
 



 

 

 
# mount google drive 

from google.colab import drive 

drive.mount('/content/drive')  
 

 

import pandas as pd 

import numpy as np 

from datetime import datetime, timedelta 

from matplotlib import pyplot as plt 

from keras.models import Sequential 

from keras.layers import LSTM, Dense 

from keras.callbacks import EarlyStopping, ModelCheckpoint 

  
 

 

 

 

 

 

 # Reading the input data 

 

d = pd.read_csv('/content/drive/MyDrive/phd_lstm/Pinnacle1.csv')  
 

 

# Formating to datetime 

d['Datetime'] = [datetime.strptime(x, '%m/%d/%Y %H:%M:%S') for x in d['Datetime']] 

  
  

d_p = d['P'] 

plt.figure(figsize=(12, 8)) 

d_p.plot() 

plt.show()   

  
 



 

 

 

 

 

 

 



 

 

### POMOCNE FUNKCIJE 

 

def create_X_Y(ts, lag, predict_steps) -> tuple: 

    X, Y = [], [] 

 

    if len(ts) - lag <= 0: 

        X.append(ts) 

    else: 

        for i in range(len(ts) - lag - predict_steps): 

            X.append( ts[i:(i+lag)]) 

            Y.append( ts[(i+lag):(i+lag+predict_steps)] ) 

 

    X, Y = np.array(X), np.array(Y) 

    X = np.reshape(X, (X.shape[0], X.shape[1], 1)) 

 

    return X, Y          

 

def create_data_for_NN(data, Y_var, lag, predict_steps, 

train_test_split, use_last_n=None): 

    # Extracting the main variable we want to model/forecast 

    y = data[Y_var].tolist() 

 

    # Subseting the time series if needed 

    if use_last_n is not None: 

        y = y[-use_last_n:] 

 

    # The X matrix will hold the lags of Y  

    X, Y = create_X_Y(y, lag, predict_steps) 

 

    # Creating training and test sets  

    X_train = X 

    X_test = [] 

 

    Y_train = Y 

    Y_test = [] 

 

    if train_test_split > 0: 

        index = round(len(X) * train_test_split) 

        X_train = X[:(len(X) - index)] 

        X_test = X[-index:]      

         

        Y_train = Y[:(len(X) - index)] 

        Y_test = Y[-index:] 

 

    return X_train, X_test, Y_train, Y_test 

  
 



 

 

 

Y_var = 'P' 

lag = 30 

predict_steps = 5 

train_test_split = 0.2 

 

X_train, X_test, Y_train, Y_test = create_data_for_NN(d, Y_var, lag, pre-

dict_steps, train_test_split) 

  
  

print(X_train.shape, X_test.shape, Y_train.shape, Y_test.shape)  
 

(22736, 30, 1) (5684, 30, 1) (22736, 5) (5684, 5) 

 

x_df = pd.DataFrame(X_train[:5].reshape(5,30)) 

print(x_df)  
 

0        1        2        3   ...       26       27       28       29 

0  0.38627  0.33212  0.31046  0.31046  ...  1.52703  1.52703  1.46566  0.70034 

1  0.33212  0.31046  0.31046  0.31407  ...  1.52703  1.46566  0.70034  1.09383 

2  0.31046  0.31046  0.31407  1.07578  ...  1.46566  0.70034  1.09383  0.71478 

3  0.31046  0.31407  1.07578  0.49818  ...  0.70034  1.09383  0.71478  2.07936 

4  0.31407  1.07578  0.49818  0.49818  ...  1.09383  0.71478  2.07936  1.18047 

 

y_df = pd.DataFrame(Y_train[:5].reshape(5,5)) 

print(y_df)  
 

0        1        2        3        4 

0  1.09383  0.71478  2.07936  1.18047  1.08300 

1  0.71478  2.07936  1.18047  1.08300  0.35378 

2  2.07936  1.18047  1.08300  0.35378  0.35378 

3  1.18047  1.08300  0.35378  0.35378  0.66063 

4  1.08300  0.35378  0.35378  0.66063  1.62450 

 

Y_train[0]  
 

array([1.083, 0.35378, 0.35378, 0.66063, 1.6245]) 

 



 

 

 

# Defining the model 

model = Sequential(name='lstm_5steps') 

model.add(LSTM(512, activation='relu', return_sequences=True, in-

put_shape=(lag, 1), name="lstm_0")) 

model.add(LSTM(512, activation='relu', name='lstm_1')) 

model.add(Dense(256, name='dense_0')) 

model.add(Dense(128, name='dense_1')) 

model.add(Dense(64, name='dense_2')) 

model.add(Dense(32, name='dense_3')) 

model.add(Dense(predict_steps, name='dense_4')) 

 

model.compile(optimizer='adam', loss='mse', metrics=['mae']) 

 

early_stop = EarlyStopping(monitor='val_loss', patience=3, min_delta=0.01) 

save_checkpoint = ModelCheck-

point(save_weights_only=False, save_best_only=True, filepath='pinna-

cle_model_5steps_bst.h5' ) 

 

# Defining the model parameter dict 

keras_dict = { 

    'x': X_train, 

    'y': Y_train, 

    'validation_data':[X_test, Y_test], 

    'batch_size': 512, 

    'epochs': 100, 

    'shuffle': False, 

    'callbacks':[early_stop,save_checkpoint] 

} 

 

# Fitting the model  

history = model.fit(**keras_dict) 

 

 
 
 



 

 

Epoch 1/100 

45/45 [===================] - 250s 6s/step - loss: 3.8256 - val_loss: 3.8640 

Epoch 2/100 

45/45 [===================] - 247s 5s/step - loss: 3.3529 - val_loss: 3.5090  

Epoch 3/100 

45/45 [===================] - 246s 5s/step - loss: 2.9911 - val_loss: 2.9639  

Epoch 4/100 

45/45 [===================] - 246s 5s/step - loss: 2.5988 - val_loss: 2.5214  

Epoch 5/100 

45/45 [===================] - 245s 5s/step - loss: 1.9279 - val_loss: 1.8730  

Epoch 6/100 

45/45 [===================] - 246s 5s/step - loss: 1.6732 - val_loss: 1.6780  

Epoch 7/100 

45/45 [===================] - 247s 6s/step - loss: 1.4896 - val_loss: 1.7971 

Epoch 8/100 

45/45 [===================] - 245s 5s/step - loss: 1.3159 - val_loss: 1.3760  

Epoch 9/100 

45/45 [===================] - 246s 5s/step - loss: 1.2131 - val_loss: 1.2915  

Epoch 10/100 

45/45 [===================] - 245s 5s/step - loss: 1.0810 - val_loss: 1.1546  

Epoch 11/100 

45/45 [===================] - 244s 5s/step - loss: 1.0150 - val_loss: 1.1484  

Epoch 12/100 

45/45 [===================] - 245s 5s/step - loss: 1.0483 - val_loss: 1.1806  

Epoch 13/100 

45/45 [===================] - 246s 5s/step - loss: 1.0073 - val_loss: 0.9970  

Epoch 14/100 

45/45 [===================] - 246s 5s/step - loss: 0.9487 - val_loss: 1.0016  

Epoch 15/100 

45/45 [===================] - 245s 5s/step - loss: 0.8884 - val_loss: 0.9518  

Epoch 16/100 

45/45 [===================] - 245s 5s/step - loss: 0.8949 - val_loss: 1.0209  

Epoch 17/100 

45/45 [===================] - 245s 5s/step - loss: 0.8922 - val_loss: 0.9454  

Epoch 18/100 

45/45 [===================] - 245s 5s/step - loss: 0.8741 - val_loss: 0.9638 

 

 

plt.figure() 

plt.plot(history.history['loss'], label='training MSE loss') 

plt.plot(history.history['val_loss'], label='validation MSE loss') 

plt.legend() 

  
 



 

 

 

# load and evaluate a saved model 

from keras.models import load_model 

 

# load model 

model = load_model('/content/drive/MyDrive/phd_lstm/pinna-

cle_model_5steps_bst.h5') 

model.summary() 

  
  Model: "lstm_5steps" 

_________________________________________________________________ 

 Layer (type)                Output Shape              Param #    

================================================================= 

 lstm_0 (LSTM)               (None, 30, 512)           1052672    

                                                                  

 lstm_1 (LSTM)               (None, 512)               2099200    

                                                                  

 dense_0 (Dense)             (None, 256)               131328     

                                                                  

 dense_1 (Dense)             (None, 128)               32896      

                                                                  

 dense_2 (Dense)             (None, 64)                8256       

                                                                  

 dense_3 (Dense)             (None, 32)                2080       

                                                                  

 dense_4 (Dense)             (None, 5)                 165        

                                                                  

================================================================= 

Total params: 3,326,597 

Trainable params: 3,326,597 

Non-trainable params: 0 

_________________________________________________________________ 

 

 

# model Score 

score = model.evaluate(X_test, Y_test) 

print(score) 
 

 
 



 

 

178/178 [===========================] - 26s 143ms/step - loss: 0.9454 

[0.9454148411750793] 

 

# Vizuelizacija modela 

from keras.utils.vis_utils import plot_model 

plot_model(model, to_file='model_plot.png', show_shapes=True, show_layer_names=True) 

 
 
 



 

 

 

yhat = model.predict(X_test)  
 

 

poz = 4993 

aaa = pd.Series(np.reshape(X_test[poz], 30)).append(pd.Series(np.re-

shape(Y_test[poz],5))).reset_index(drop=True) 

bbb = pd.Series(np.reshape(X_test[poz], 30)).append(pd.Series(np.re-

shape(yhat[poz],5))).reset_index(drop=True) 

# bbb = pd.Series(yhat[poz]) 

aaa.index += 1  

bbb.index += 1  

 

plt.figure(figsize=(25, 10)) 

plt.plot(aaa,'b')  # plava osnovna 

plt.plot(aaa[30:], 'r')  # stvarno se desilo 

plt.plot(bbb, 'b') # plava osnova 

plt.plot(bbb[30:], 'g') # predikcija 

 
 
 plt.figure(figsize=(25, 10)) 

plt.plot(Y_test) 

plt.plot(yhat) 
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