
DRIVER ASSISTANCE COLLISION WARNING SYSTEM USING LIDAR           Page 79 of 100 
SENSOR WITH KINEMATICS AND PERCEPTION ALGORITHMS 

 Willi Immanuel Susanto 
 

 

5.  

CHAPTER 5 – CONCLUSIONS AND RECCOMENDATIONS 

5.1 Conclusions 

This final section presents an overview of the primary results from the research on the 

development of a driver assistance collision warning system. The study successfully 

achieved its objectives of improving vehicle safety through the implementation of a 

solution that can be universally applicable. This was achieved through comprehensive 

design, testing, and validation procedures. The following items summarize the main 

results of the study: 

- The driver assistance collision warning system, built using the Arduino Mega 

2560 as the main controller, operates on 5 VDC power supplied via a USB-A 

connection. This design ensures the system's universal applicability across 

various vehicle brands and segments, as it can be powered through a vehicle's 

power outlet, USB charging port, or an external source like a power bank. 

- Throughout the calibration phase, the LIDAR sensor provides accurate distance 

measurements within the tolerance of ±5 cm, while the Arduino Mega 2560 

performs computations without any errors. The combination of the LIDAR 

sensor's accurate distance readings and the Arduino Mega 2560's ability to 

compute relative speed, time-to-collision, and fuzzy output will offer precise 

data for kinematics and perception algorithms. 

- The kinematics and perception algorithms were synchronized effectively. This 

was validated through integration testing, which confirmed that both algorithms 

work together seamlessly. The successful passing of these tests demonstrates 

the system's reliability and the robust integration of its core components. 

- The collision warning system proves its accuracy through system tests that 

compare its results with manual calculations, providing reliable decision outputs 

for both the kinematics and perception algorithms. 
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- The system's accuracy was thoroughly tested in real-world environment 

simulations through the acceptance test. The sensors accurately detected objects 

in various conditions, including fog, rain, dust, varying brightness levels during 

day and night, and even under direct sunlight. This high level of performance 

under diverse conditions underscores the system's robustness and reliability. 

- One of the primary objectives of the system is to provide users with early 

warnings to prevent road accidents. By accurately detecting potential collisions 

well in advance, the system enables drivers to take necessary actions to avoid 

accidents, thereby enhancing overall road safety. 

In conclusion, the driver assistance collision warning system that was developed 

indicates a significant improvement in the technology that is used to make vehicle safer. 

As a result of its universal applicability across all vehicle brands and segments, its well-

constructed integration of decision-making algorithms, and its excellent accuracy in 

real-world environments, it is a precious instrument for improving vehicle safety and 

reducing accidents. This research not only meets its initial objectives but also 

contributes to the broader goal of improving road safety for all drivers. 

5.2 Recommendations 

The first recommendations focuses on the current system evaluation. The current driver 

assistance collision warning system utilizes the Garmin LIDAR Lite v3, which has 

considerable limits in its performance due to its restricted operational capability at 

specific angles. In particular, the LIDAR sensor faces difficulties in identifying objects 

at larger angles, which might result in blind spots and decreased dependability in 

comprehensive collision avoidance situations. In order to overcome this limitation, it is 

recommended to improve the system by including advanced sensors that have greater 

angular resolution and a wider field-of-view. Utilizing sensors with a 360-degree field 

of view and enhanced precision in detecting objects from different perspectives will 

greatly enhance the dependability of collision detection systems, resulting in improved 

performance and enhanced safety for users. 
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The second point concerns to the potential integration of the driver assistance collision 

warning system. This system now utilizes a fuzzy logic model to provide braking 

decision recommendations based on the distance to the next vehicle and the relative 

speed between vehicles. The possible integration using electric vehicles (EVs) into the 

target application can be addressed. Integrating this technology has the potential to 

significantly enhance electric vehicles by optimizing regenerative braking, which is the 

act of recovering energy during light to moderate braking and storing it in the battery. 

This would result in improved energy efficiency. 

Nevertheless, the successful integration of this technology in electric vehicles requires 

further study, specifically in comprehending the manner in which to categorize braking 

situations to optimize the advantages of regenerative braking. In order to enable smooth 

transitions between regenerative and conventional braking, the system must be able to 

precisely identify and categorize the severity of braking in real-time. However, it is 

important that the final choice on brakes is given as a safety warning. This research is 

essential for improving both safety and energy efficiency. 

In its conclusion, this thesis recommends initiating further studies and improvement in 

the employing advance sensor and integration of collision warning systems with 

regenerative braking in electric vehicles (EVs). This integration serves as a concurrent 

solution, both enhancing road safety and improving energy efficiency. This research 

has the potential to make considerable progress in intelligent electric mobility by 

improving energy efficiency and ensuring high safety standards. It could lead to 

important breakthroughs in smart and eco-friendly transportation technology. 
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GLOSSARY 

Term Definition 

ADAS (Advanced Driver-

Assistance Systems) 

Intelligent automotive systems that facilitate parking 

and driving, thereby enhancing safety and 

convenience. 

Artificial Intelligence (AI) The technology that enables computers to study and 

think like humans 

Head-Up Display (HUD) A display found in automobiles and aircraft that 

presents critical data directly to the aviator or driver. 

I2C (Inter-Integrated 

Circuit) 

A method by which electronic components within 

devices can communicate with one another via two 

connections. 

Kemenhub RI (Kementerian 

Perhubungan Republik 

Indonesia) 

The Indonesian government agency tasked with 

transportation. 

LED (Light Emitting Diode) A dim, brilliant light found in a variety of electronic 

devices. 

LIDAR (Light Detection 

and Ranging) 

A technology that calculates distance by analyzing 

the light reflected from an object after striking it with 

a laser. 

OBD-II (On-Board 

Diagnostics II) 

A vehicle system that monitors the vehicle's 

performance and alerts the driver of any issues. 

POLRI (Kepolisian Negara 

Republik Indonesia) 

The Indonesian national security force. 

PWM (Pulse Width 

Modulation) 

A method for regulating the power supplied to a 

device by rapidly cycling it on and off. 



DRIVER ASSISTANCE COLLISION WARNING SYSTEM USING LIDAR           Page 83 of 100 
SENSOR WITH KINEMATICS AND PERCEPTION ALGORITHMS 

 Willi Immanuel Susanto 
 

SLR (Systematic Literature 

Review) 

A methodical and comprehensive approach to 

gathering and evaluating all existing studies 

pertaining to a particular subject matter. 

SPI (Serial Peripheral 

Interface) 

A method for electronic devices to rapidly exchange 

information over small distances. 

UART (Universal 

Asynchronous 

Receiver/Transmitter) 

A component of hardware and software that facilitates 

communication between devices and computers by 

converting data between different formats. 

UN ECE (United Nations 

Economic Commission for 

Europe) 

An agency of the United Nations whose mission was 

to enhance economic relations and standards among 

European nations. 

TTC (Time-to-Collision) A measurement used by collision warning systems to 

calculate the duration remained until a vehicle could 

possibly collide into an object 

GUI (Graphical User 

Interface) 

A visual interface that enables users to interact with 

electronic devices using graphical icons and visual 

indicators, rather than relying on text-based 

commands. 

FIS (Fuzzy Inference 

System) 

A computer framework that utilizes fuzzy logic to 

perform tasks such as logic, decision-making, and 

processing information that is not clear or imprecise. 

Centroid (Center of Gravity) Defuzzification calculation method determined by 

calculating the weighted average of all potential 

values, which involves converting fuzzy data into a 

single, precise output. 

BEVs (Battery Electric 

Vehicles) 

Are vehicles that rely completely or partially on 

electric power stored in batteries. 
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6.  

6. Appendix 1: Actuator Calibration Arduino Code 

/*------------------------------------------------------------------------------ 
  Connections: 
  pin 7 as a Buzzer 
  pin 8 as an Emergency Brake (Amber) - Wire White then Purple 
  pin 9 as an Retarder (Green) - Wire Blue then Brown 
  pin 10 as an Retarder (Amber) - Wire Amber then Black 
  pin 11 as an Retarder (Red) - Wire Red then White 
  GND - Wire Gray then Gray 
------------------------------------------------------------------------------*/ 
 
void setup() { 
    pinMode(7, OUTPUT); 
    pinMode(8, OUTPUT); 
    pinMode(9, OUTPUT); 
    pinMode(10, OUTPUT); 
    pinMode(11, OUTPUT); 
} 
 
void loop() { 
    digitalWrite(7, HIGH); 
    delay(1000); 
    digitalWrite(7, LOW); 
    digitalWrite(8, HIGH); 
    delay(1000); 
    digitalWrite(8, LOW); 
    digitalWrite(9, HIGH); 
    delay(1000); 
    digitalWrite(9, LOW); 
    digitalWrite(10, HIGH); 
    delay(1000); 
    digitalWrite(10, LOW); 
    digitalWrite(11, HIGH); 
    delay(1000); 
    digitalWrite(11, LOW); 
    delay(3000); 
} 
 
  



DRIVER ASSISTANCE COLLISION WARNING SYSTEM USING LIDAR           Page 91 of 100 
SENSOR WITH KINEMATICS AND PERCEPTION ALGORITHMS 

 Willi Immanuel Susanto 
 

 

7.  

7. Appendix 2: LIDAR Sensor Calibration Arduino Code 

/*------------------------------------------------------------------------------ 
  Connections: 
  LIDAR-Lite 5 Vdc (red) to Arduino 5v 
  LIDAR-Lite I2C SCL (green) to Arduino SCL 
  LIDAR-Lite I2C SDA (blue) to Arduino SDA 
  LIDAR-Lite Ground (black) to Arduino GND 
------------------------------------------------------------------------------*/ 
 
#include <Wire.h> 
#include <LIDARLite.h> 
 
LIDARLite myLidarLite; 
 
void setup() 
{ 
  Serial.begin(9600); 
  myLidarLite.begin(0, true); 
  myLidarLite.configure(0); 
} 
 
void loop() 
{ 
  Serial.println(myLidarLite.distance()); 
  for(int i = 0; i < 50; i++) 
  { 
    Serial.print(myLidarLite.distance(false)); 
    Serial.println(" cm"); 
    delay(1000); 
  } 
} 
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8.  

8. Appendix 3: Driver Assistance Collision Warning System Arduino Code 

fis_header.h 
 
#define FIS_TYPE float 
#define FIS_RESOLUSION 101 
#define FIS_MIN -3.4028235E+38 
#define FIS_MAX 3.4028235E+38 
typedef FIS_TYPE(*_FIS_MF)(FIS_TYPE, FIS_TYPE*); 
typedef FIS_TYPE(*_FIS_ARR_OP)(FIS_TYPE, FIS_TYPE); 
typedef FIS_TYPE(*_FIS_ARR)(FIS_TYPE*, int, _FIS_ARR_OP); 

Driver_Assistance_Collision_Warning_System.ino 

#include <Wire.h> 
#include <math.h> 
#include <LIDARLite.h> 
#include "fis_header.h" 
 
LIDARLite myLidarLite; 
const int buzzer = 7; 
const int ledEmerg = 8; 
const int ledRetardGreen = 9;   // Green LED for FIS Light Brake Decision 
const int ledRetardAmber = 10;   // Amber LED for FIS Moderate Brake Decision 
const int ledRetardRed = 11;     // Red LED for FIS Significant Brake Decision 
 
const int fis_gcI = 2; // Number of inputs to the fuzzy inference system 
const int fis_gcO = 1; // Number of outputs to the fuzzy inference system 
const int fis_gcR = 9; // Number of rules to the fuzzy inference system 
 
FIS_TYPE g_fisInput[fis_gcI]; 
FIS_TYPE g_fisOutput[fis_gcO]; 
 
void setup() 
{ 
  Serial.begin(9600); 
  pinMode(buzzer, OUTPUT); 
  pinMode(ledEmerg, OUTPUT); 
  pinMode(ledRetardGreen, OUTPUT); 
  pinMode(ledRetardAmber, OUTPUT); 
  pinMode(ledRetardRed, OUTPUT); 
  myLidarLite.begin(0, true); // initialize LiDAR Lite v3 
  myLidarLite.configure(0); // default configuration 
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} 
 
void loop() 
{ 
  static unsigned long lastTime = 0; 
  unsigned long currentTime; 
  int currentDistance; 
  float vr, ttc; 
  static int lastDistance = readLiDAR(); //read current distance 
  currentTime = millis(); // get current time in milliseconds 
   
  if (currentTime - lastTime >= 1000) 
  { 
    // Calculate Vr (relative speed) in meters/second 
    currentDistance = readLiDAR(); 
    int toleranceDistance = fabs(currentDistance - lastDistance); 
    if (toleranceDistance > 5) // Check both distances are greater than zero 
    { 
      vr = (float)(currentDistance - lastDistance) / ((currentTime - lastTime) / 1000.0); 
    } 
    else 
    { 
      vr = 0.0f; // Set Vr to 0 if one of the distances is not detected 
    } 
     
    // Calculate TTC (time to collision) in seconds 
    if (vr != 0) 
    { 
      ttc = fabs((float)currentDistance / vr); 
    } 
    else 
    { 
      ttc = 0; // Indefinite time (no movement) 
    } 
 
    // Resetting all outputs 
    digitalWrite(ledEmerg, LOW); 
    digitalWrite(buzzer, LOW); 
    digitalWrite(ledRetardGreen, LOW); 
    digitalWrite(ledRetardAmber, LOW); 
    digitalWrite(ledRetardRed, LOW); 
 
    // Display Distance, Vr, and TTC on Serial Monitor 
    Serial.print("\nDistance: "); 
    Serial.print(currentDistance); 
    Serial.print(" cm, Vr: "); 
    Serial.print(vr); 
    Serial.print(" cm/s, TTC: "); 
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    Serial.print(ttc); 
    Serial.print(" s,"); 
  
    // Kinematics Decision-making 
    if (ttc <= 0) 
    { 
      // For TTC <= 0 or error, indicate safe state with green LED 
      digitalWrite(ledRetardGreen, HIGH); 
    }  
    else if (ttc > 1 && ttc <= 2) 
    { 
      digitalWrite(ledEmerg, HIGH); // Turn on LED 
      digitalWrite(buzzer, LOW); // Turn off buzzer 
    } 
    else if (ttc > 0 && ttc <= 1) 
    { 
      digitalWrite(ledEmerg, HIGH); // Turn on LED 
      digitalWrite(buzzer, HIGH); // Turn on buzzer 
    } 
 
    // Perception Decision-making 
    else if (ttc > 2) 
    { 
        // Fuzzy Logic Input 
        g_fisInput[0] = (FIS_TYPE)currentDistance; 
        g_fisInput[1] = (FIS_TYPE)vr; 
        fuzzy_process(); 
         
        Serial.print(" Output: "); 
        Serial.print(g_fisOutput[0]); 
 
        // Decision Output for FIS 
        digitalWrite(ledRetardRed, LOW); 
        digitalWrite(ledRetardAmber, LOW); 
        digitalWrite(ledRetardGreen, LOW); 
         
        if (g_fisOutput[0] > 75) // Significant 
        {  
            digitalWrite(ledRetardRed, HIGH); 
            digitalWrite(buzzer, HIGH); 
        } 
        else if (g_fisOutput[0] > 50) // Moderate 
        { 
            digitalWrite(ledRetardRed, HIGH); 
        } 
        else if (g_fisOutput[0] > 25)  // Light 
        { 
            digitalWrite(ledRetardAmber, HIGH); 
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        } 
        else if (g_fisOutput[0] > 25)  // Light 
        { 
            digitalWrite(ledRetardGreen, HIGH); 
        } 
    } 
 
    lastTime = currentTime; // Update last time 
    lastDistance = currentDistance; // Update last distance 
  } 
} 
 
int readLiDAR() 
{ 
  return myLidarLite.distance(false); 
} 
 
void fuzzy_process() 
{ 
  fis_evaluate(); 
} 
 
/*------------------------------------------------------------------------------ 
Support functions for Fuzzy Inference System                           
------------------------------------------------------------------------------*/ 
 
// Trapezoidal Member Function 
FIS_TYPE fis_trapmf(FIS_TYPE x, FIS_TYPE* p) 
{ 
    FIS_TYPE a = p[0], b = p[1], c = p[2], d = p[3]; 
    FIS_TYPE t1 = ((x <= c) ? 1 : ((d < x) ? 0 : ((c != d) ? ((d - x) / (d - c)) : 0))); 
    FIS_TYPE t2 = ((b <= x) ? 1 : ((x < a) ? 0 : ((a != b) ? ((x - a) / (b - a)) : 0))); 
    return (FIS_TYPE) min(t1, t2); 
} 
 
// Triangular Member Function 
FIS_TYPE fis_trimf(FIS_TYPE x, FIS_TYPE* p) 
{ 
    FIS_TYPE a = p[0], b = p[1], c = p[2]; 
    FIS_TYPE t1 = (x - a) / (b - a); 
    FIS_TYPE t2 = (c - x) / (c - b); 
    if ((a == b) && (b == c)) return (FIS_TYPE) (x == a); 
    if (a == b) return (FIS_TYPE) (t2*(b <= x)*(x <= c)); 
    if (b == c) return (FIS_TYPE) (t1*(a <= x)*(x <= b)); 
    t1 = min(t1, t2); 
    return (FIS_TYPE) max(t1, 0); 
} 
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FIS_TYPE fis_min(FIS_TYPE a, FIS_TYPE b) 
{ 
    return min(a, b); 
} 
 
FIS_TYPE fis_max(FIS_TYPE a, FIS_TYPE b) 
{ 
    return max(a, b); 
} 
 
FIS_TYPE fis_array_operation(FIS_TYPE *array, int size, _FIS_ARR_OP pfnOp) 
{ 
    int i; 
    FIS_TYPE ret = 0; 
 
    if (size == 0) return ret; 
    if (size == 1) return array[0]; 
 
    ret = array[0]; 
    for (i = 1; i < size; i++) 
    { 
        ret = (*pfnOp)(ret, array[i]); 
    } 
 
    return ret; 
} 
 
 
/*------------------------------------------------------------------------------ 
Data for Fuzzy Inference System                                        
------------------------------------------------------------------------------*/ 
 
_FIS_MF fis_gMF[] = 
{ 
    fis_trapmf, fis_trimf 
}; 
 
// Count of member function for each Input 
int fis_gIMFCount[] = { 3, 3 }; 
 
// Count of member function for each Output  
int fis_gOMFCount[] = { 4 }; 
 
// Coefficients for the Input Member Functions 
FIS_TYPE fis_gMFI0Coeff1[] = { 0, 0, 500, 1000 }; 
FIS_TYPE fis_gMFI0Coeff2[] = { 500, 1500, 2500 }; 
FIS_TYPE fis_gMFI0Coeff3[] = { 2000, 2500, 4000, 4000 }; 
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FIS_TYPE* fis_gMFI0Coeff[] = { fis_gMFI0Coeff1, fis_gMFI0Coeff2, 
fis_gMFI0Coeff3 }; 
FIS_TYPE fis_gMFI1Coeff1[] = { 0, 0, 500, 1000 }; 
FIS_TYPE fis_gMFI1Coeff2[] = { 500, 1500, 2500 }; 
FIS_TYPE fis_gMFI1Coeff3[] = { 2000, 2500, 4000, 4000 }; 
FIS_TYPE* fis_gMFI1Coeff[] = { fis_gMFI1Coeff1, fis_gMFI1Coeff2, 
fis_gMFI1Coeff3 }; 
FIS_TYPE** fis_gMFICoeff[] = { fis_gMFI0Coeff, fis_gMFI1Coeff }; 
 
// Coefficients for the Output Member Functions 
FIS_TYPE fis_gMFO0Coeff1[] = { -10, 10, 30 }; 
FIS_TYPE fis_gMFO0Coeff2[] = { 20, 40, 60 }; 
FIS_TYPE fis_gMFO0Coeff3[] = { 50, 70, 90 }; 
FIS_TYPE fis_gMFO0Coeff4[] = { 80, 100, 120 }; 
FIS_TYPE* fis_gMFO0Coeff[] = { fis_gMFO0Coeff1, fis_gMFO0Coeff2, 
fis_gMFO0Coeff3, fis_gMFO0Coeff4 }; 
FIS_TYPE** fis_gMFOCoeff[] = { fis_gMFO0Coeff }; 
 
// Input membership function set 
int fis_gMFI0[] = { 0, 1, 0 }; 
int fis_gMFI1[] = { 0, 1, 0 }; 
int* fis_gMFI[] = { fis_gMFI0, fis_gMFI1}; 
 
// Output membership function set 
int fis_gMFO0[] = { 1, 1, 1, 1 }; 
int* fis_gMFO[] = { fis_gMFO0}; 
 
// Rule Weights 
FIS_TYPE fis_gRWeight[] = { 1, 1, 1, 1, 1, 1, 1, 1, 1 }; 
 
// Rule Type 
int fis_gRType[] = { 1, 1, 1, 1, 1, 1, 1, 1, 1 }; 
 
// Rule Inputs 
int fis_gRI0[] = { 1, 1 }; 
int fis_gRI1[] = { 2, 1 }; 
int fis_gRI2[] = { 3, 1 }; 
int fis_gRI3[] = { 1, 2 }; 
int fis_gRI4[] = { 2, 2 }; 
int fis_gRI5[] = { 3, 2 }; 
int fis_gRI6[] = { 1, 3 }; 
int fis_gRI7[] = { 2, 3 }; 
int fis_gRI8[] = { 3, 3 }; 
int* fis_gRI[] = { fis_gRI0, fis_gRI1, fis_gRI2, fis_gRI3, fis_gRI4, fis_gRI5, fis_gRI6, 
fis_gRI7, fis_gRI8 }; 
 
// Rule Outputs 
int fis_gRO0[] = { 3 }; 
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int fis_gRO1[] = { 1 }; 
int fis_gRO2[] = { 1 }; 
int fis_gRO3[] = { 4 }; 
int fis_gRO4[] = { 4 }; 
int fis_gRO5[] = { 2 }; 
int fis_gRO6[] = { 4 }; 
int fis_gRO7[] = { 4 }; 
int fis_gRO8[] = { 4 }; 
int* fis_gRO[] = { fis_gRO0, fis_gRO1, fis_gRO2, fis_gRO3, fis_gRO4, fis_gRO5, 
fis_gRO6, fis_gRO7, fis_gRO8 }; 
 
FIS_TYPE fis_gIMin[] = { 0, 0 }; //Input range Min 
 
FIS_TYPE fis_gIMax[] = { 4000, 4000 }; //Input range Max 
 
FIS_TYPE fis_gOMin[] = { 0 }; //Output range Min 
 
FIS_TYPE fis_gOMax[] = { 100 }; //Output range Max 
 
 
FIS_TYPE fis_MF_out(FIS_TYPE** fuzzyRuleSet, FIS_TYPE x, int o) 
{ 
    FIS_TYPE mfOut; 
    int r; 
 
    for (r = 0; r < fis_gcR; ++r) 
    { 
        int index = fis_gRO[r][o]; 
        if (index > 0) 
        { 
            index = index - 1; 
            mfOut = (fis_gMF[fis_gMFO[o][index]])(x, fis_gMFOCoeff[o][index]); 
        } 
        else if (index < 0) 
        { 
            index = -index - 1; 
            mfOut = 1 - (fis_gMF[fis_gMFO[o][index]])(x, fis_gMFOCoeff[o][index]); 
        } 
        else 
        { 
            mfOut = 0; 
        } 
 
        fuzzyRuleSet[0][r] = fis_min(mfOut, fuzzyRuleSet[1][r]); 
    } 
    return fis_array_operation(fuzzyRuleSet[0], fis_gcR, fis_max); 
} 
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FIS_TYPE fis_defuzz_centroid(FIS_TYPE** fuzzyRuleSet, int o) 
{ 
    FIS_TYPE step = (fis_gOMax[o] - fis_gOMin[o]) / (FIS_RESOLUSION - 1); 
    FIS_TYPE area = 0; 
    FIS_TYPE momentum = 0; 
    FIS_TYPE dist, slice; 
    int i; 
 
    // calculate the area under the curve formed by the MF outputs 
    for (i = 0; i < FIS_RESOLUSION; ++i){ 
        dist = fis_gOMin[o] + (step * i); 
        slice = step * fis_MF_out(fuzzyRuleSet, dist, o); 
        area += slice; 
        momentum += slice*dist; 
    } 
 
    return ((area == 0) ? ((fis_gOMax[o] + fis_gOMin[o]) / 2) : (momentum / area)); 
} 
 
/*------------------------------------------------------------------------------ 
Fuzzy Inference System                                                 
------------------------------------------------------------------------------*/ 
void fis_evaluate() 
{ 
    FIS_TYPE fuzzyInput0[] = { 0, 0, 0 }; 
    FIS_TYPE fuzzyInput1[] = { 0, 0, 0 }; 
    FIS_TYPE* fuzzyInput[fis_gcI] = { fuzzyInput0, fuzzyInput1, }; 
    FIS_TYPE fuzzyOutput0[] = { 0, 0, 0, 0 }; 
    FIS_TYPE* fuzzyOutput[fis_gcO] = { fuzzyOutput0, }; 
    FIS_TYPE fuzzyRules[fis_gcR] = { 0 }; 
    FIS_TYPE fuzzyFires[fis_gcR] = { 0 }; 
    FIS_TYPE* fuzzyRuleSet[] = { fuzzyRules, fuzzyFires }; 
    FIS_TYPE sW = 0; 
 
    // Transforming input to fuzzy Input 
    int i, j, r, o; 
    for (i = 0; i < fis_gcI; ++i) 
    { 
        for (j = 0; j < fis_gIMFCount[i]; ++j) 
        { 
            fuzzyInput[i][j] = 
                (fis_gMF[fis_gMFI[i][j]])(g_fisInput[i], fis_gMFICoeff[i][j]); 
        } 
    } 
 
    int index = 0; 
    for (r = 0; r < fis_gcR; ++r) 
    { 
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        if (fis_gRType[r] == 1) 
        { 
            fuzzyFires[r] = FIS_MAX; 
            for (i = 0; i < fis_gcI; ++i) 
            { 
                index = fis_gRI[r][i]; 
                if (index > 0) 
                    fuzzyFires[r] = fis_min(fuzzyFires[r], fuzzyInput[i][index - 1]); 
                else if (index < 0) 
                    fuzzyFires[r] = fis_min(fuzzyFires[r], 1 - fuzzyInput[i][-index - 1]); 
                else 
                    fuzzyFires[r] = fis_min(fuzzyFires[r], 1); 
            } 
        } 
        else 
        { 
            fuzzyFires[r] = FIS_MIN; 
            for (i = 0; i < fis_gcI; ++i) 
            { 
                index = fis_gRI[r][i]; 
                if (index > 0) 
                    fuzzyFires[r] = fis_max(fuzzyFires[r], fuzzyInput[i][index - 1]); 
                else if (index < 0) 
                    fuzzyFires[r] = fis_max(fuzzyFires[r], 1 - fuzzyInput[i][-index - 1]); 
                else 
                    fuzzyFires[r] = fis_max(fuzzyFires[r], 0); 
            } 
        } 
 
        fuzzyFires[r] = fis_gRWeight[r] * fuzzyFires[r]; 
        sW += fuzzyFires[r]; 
    } 
 
    if (sW == 0) 
    { 
        for (o = 0; o < fis_gcO; ++o) 
        { 
            g_fisOutput[o] = ((fis_gOMax[o] + fis_gOMin[o]) / 2); 
        } 
    } 
    else 
    { 
        for (o = 0; o < fis_gcO; ++o) 
        { 
            g_fisOutput[o] = fis_defuzz_centroid(fuzzyRuleSet, o); 
        } 
    } 
} 


