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Abstract – Environment change is considered problem in a 

development process of Auto Guided Vehicle Robots. Parallel 

cascade fuzzy is a specialized method that developed for volatile 

operating environment. In the previous study, Parallel cascade 

fuzzy haven’t implemented for reach a goal area. In this study, 

parallel cascade fuzzy being used by Auto Guided Vehicle robot to 

avoiding obstacle and reaching goal area. Another fuzzy algorithm 

involved in the test stage to compare the performance with Parallel 

Cascade Fuzzy. In the development of robot movement control 

system, simulation software that able to reveal a working pattern 

of such method can be used to facilitate the testing process. 

Keywords— robot, Auto Guided Vehicle, simulation, fuzzy, 

parallel cascade fuzzy 

I.  INTRODUCTION 

Robotics development have a lot improvement since it was 
founded, one of its kind is Autonomous Guided Vehicle 
(AGV). Since it was founded, AGV had been made for 
industrial use purpose [1][2][3]. As the time passed, AGV 
application had penetrated into many fields. Now, AGV 
devices and transportation units that can be operated by end-
user are already exist. 

The successful application of fuzzy logic in complex non-
linear control systems with complex mathematical models has 
inspiring researchers to apply fuzzy logic to artificial 
intelligence in robots, such as navigation, avoiding obstacles 
and finding goals. The problem encountered in the application 
of robots in the real world is the input uncertainty caused by 
environmental changes [4].  

One of many methods that used for controlling AGV 

movement was fuzzy logic system. Fuzzy has applicated into 

many kinds of usage since it developed into many forms that 

use for special purpose. Some fuzzy method that 

implemented in AGV development such as multi-mode 

control method based on fuzzy selector [5] and fuzzy logic 

robust controller based on Sugeno fuzzy model [6]. A method 

called Parallel Cascade Fuzzy Inference System, published in 

article on the International Conference on Advanced 

Computer Science and Information Systems (ICACSIS) 

proceedings entitled “Parallel Cascade Fuzzy Inference 

System at The Environment Changes, Case Study: 

Automated Guide Vehicle Robot Using Ultrasonic Sensor” 

was made as fuzzy improvement for AGV robot control 

system to avoiding obstacles [7]. AForge.net fuzzy library 

was used and Fuzzy Auto Guided Sample software (made by 

Fabio L. Caversan) [8] was developed into Fuzzy Auto 

Guided Vehicle 1.2 to test parallel cascade fuzzy as AGV 

robot movement control system.  

Based on that background, the main goal of this study is 
to know the performance of parallel cascade fuzzy in its 
application on the robot device to reach a target through 
simulation software by comparing it with Serial Hierarchical 
Fuzzy System (SHFS) and Multiple Input Multiple Output 
(MIMO) Fuzzy. 

II. METHODOLOGY 

This research did by comparing parallel cascade fuzzy, 

Serial Hierarchical Fuzzy System (SHFS) and Multiple Input 

Multiple Output (MIMO) Fuzzy using the Fuzzy Auto 

Guided Vehicle 1.3 simulation software, developed from the 

predecessor software, Fuzzy Auto Guided Sample [8] and 

Fuzzy Auto Guided Vehicle 1.2 [7]. The fuzzy logic system 

was built using fuzzy library from Aforge.net. This research 

using fuzzy Mamdani with centroid defuzzification [9] as a 

base for each compared fuzzy methods. 

A. Fuzzy with MIMO models. 

This method is based on standard fuzzy logic system with 

multiple inputs and multiple output [10]. Fuzzy with MIMO 

models is a fuzzy logic system that contain two or more 

different input value (XN) used in the fuzzy system process. 

The rule base is containing two or more different kind of rule 

base that produce two or more different output value (YN). 

Based Fig. 1 shows the module of fuzzy with MIMO models. 

Fuzzy system containing fuzzification, followed by fuzzy 

inferencing, fuzzy rule bases, and the value reinterpreted with 

defuzzification process. 

MIMO architecture was used in some case to reach the 

efficiency and the robustness of the system.[11][12][13] 

 

B. SHFS 

One of problems in fuzzy is how to handle the many rules 

used in computing. Fuzzy rules number grows along with 

inputs number of a fuzzy system. For example, a fuzzy logic 

 
Fig. 1. MIMO Module [10] 

 
Fig. 2. Serial Hierarchical Fuzzy System. [10] 
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system that have n input variables m membership variables 

need mn fuzzy rules. [9]  

Hierarchical fuzzy system built to overcome a lot number 

of fuzzy rules that needed by a fuzzy logic system with many 

input variables. One type of hierarchical fuzzy system models 

used in this research is serial hierarchical fuzzy system. This 

system has fuzzy system unit that giving outputs stated as yn, 

from inputs stated as Xn-1 and yn-1 from fuzzy system unit with 

inputs stated as Xn-1 and Xn. The architecture of serial 

hierarchical fuzzy systems is shown in Fig. 2. Serial fuzzy in 

"Modeling of Hierarchical Fuzzy Systems" journal state that 

(n + 1)th fuzzy logic unit has input from the first fuzzy logic 

unit and the external input value (input value that obtained 

from outside the fuzzy system). However, the serial 

hierarchical fuzzy system that used in this research only uses 

one input for the second fuzzy logic unit. 

C. Parallel Cascade Fuzzy 

Parallel cascade fuzzy built to handle dynamic condition. 

Dynamic condition interpreted as a condition of a system that  

handle inputs from fuzzy system can be change, depend 

on its operation environment. Parallel cascade fuzzy was 

claimed as a suitable and robust system to handle a dynamic 

condition [6]. 

Fig. 3 shows the architecture of parallel cascade fuzzy. 

This system has input and processed through control system 

without change the input values. Inputs are processed on the 

control system according to the operating environment 

conditions. Inputs is used by one of control systems in 

fuzzification process. Output from fuzzification will 

translated based on rule base in fuzzy inferencing process.  

After that, output from defuzzification process can be 

reprocessed as input and fuzzy set modifier for the next fuzzy 

module.  

III. DEVELOPMENT SPECIFICATION 

In this research, Fuzzy Auto Guided Vehicle 1.3 
Simulation Software is modified into three kinds of software 
to compare performance of each movement control system 
mentioned before. First one is using the Fuzzy with MIMO 
model, the second is using SHFS, and the last method used is 
Parallel Cascade Fuzzy method. Following is how each 
method implemented as a control system of Auto Guided 

Vehicle to reach a target. Every notation used in fuzzy rule 
base specification explained in Table 1. 

 

 

 

 

TABLE I. FUZZY RULE BASE NOTATION ABBREVIATION EXPLANATION 

FD = FrontalDistance  F = Far 

RD = RightDistance  M = Medium 

LD = LeftDistance N = Near 

A = Angle VN = VeryNegative 

NT = Negative 

LN = LittleNegative 

Z = Zero 

LP = LittlePositive 

PT = Positive 

VP = VeryPositive 

S = Speed FS = FastSpeed 

MS = MediumSpeed 

LS = LowSpeed 

SS = Stopingspeed 

R = Road FG = FarGoal 

MG = MediumGoal 

NG = NearGoal 

GR = GangRoad 

VR = VillageRoad 

CR = CityRoad 

TR = TollRoad 

RT = RoadT G = Gang 

V = Village 

C = City 

T = Toll 

A. Fuzzy with MIMO Model Specification. 

Fuzzy with MIMO implemented with basic fuzzy 

architecture that use two fuzzy logic systems. Each of them 

runs in separate state. First logic system built to handle a 

condition when goal area is undetected, the others activated 

when goal area is detected. Every fuzzy logic system produces 

two outputs, speed and angle. Inputs from this system are 

obtained from three proximity sensors. The architecture of 

this methods is shown in Fig. 4. 

 
Fig. 4. Simulated SHFS Architecture. 

 

 

 
Fig. 3. Parallel Cascade Fuzzy Architecture.[7] 

 
. 
 

 

 
Fig. 5. Simulated Fuzzy System with MIMO Model Architecture 
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The written specification in this paper is the fuzzy logic 

system that handle a target reaching control system 

specification only. These specifications are: 

1) Input variables: ‘LeftDistance’, ‘RightDistance’, dan 

‘FrontalDistance’ with membership function value NEAR[0 

15 50], MEDIUM[15 50 60 100], and FAR[60 100 120]. 

2) Output variables: ‘Speed’ with membership function 

value FASTSPEED[-10 -7.5 -6.5], MEDIUMSPEED[-7.5 -

6.5 -4.5 -3.5], LOWSPEED[-4.5 -3.5 -1.5 -0.5], 

STOPINGSPEED[-1.5 -0.5 0] and ‘Angle’ with membership 

function value VERYNEGATIVE[-50 -40 -35], 

NEGATIVE[-40 -35 -25 -20], LITTLENEGATIVE[-25 -20 

-10 -5], ZERO[-10 -5 5 10], LITTLEPOSITIVE[5 10 20 25], 

POSITIVE[20 25 35 40], VERYPOSITIVE[35 40 50].  

3) Fuzzy rule base: In fuzzy logic system 2 consist of 

fourteen rule bases, i.e.: 

[R1] FD = F ⇒ A = Z 

[R2] FD = M ⇒ A = Z 

[R3] RD = F ⇒ A = PT 

[R4] LD = F ⇒ A = NT 

[R5] RD = M ⇒ A = VP 

[R6] LD = M ⇒ A = VN 

[R7] FD = N ⇒ A = Z 

[R8] FD = F ⇒ S = FS 

[R9] FD = M ⇒ S = MS 

[R10] RD = F ⇒ S = MS 

[R11] LD = F ⇒ S = MS 

[R12] RD = M ⇒ S = LS 

[R13] LD = M ⇒ S = LS 

[R14] FD = N ⇒ S = SS 

B. SHFS Specification 

In this research, SHFS implemented as a system that have 

three fuzzy logic systems. The first fuzzy logic system active 

when goal area undetected by sensor. This fuzzy logic has 

turn angle and road type outputs. Second fuzzy logic has 

same inputs and outputs with the first fuzzy logic, but it active 

when sensor detect a goal area. The third fuzzy generate 

speed output that obtained from turn angle and road type 

inputs. Architecture of the implemented SHFS shown in Fig. 

5. 

This system was built with these specifications: 

1) Input variables: ‘LeftDistance’, ‘RightDistance’, 

‘FrontalDistance’ (fuzzy logic system 2) with membership 

function value NEAR[0 5 20], MEDIUM[15 25 35 45], 

FAR[40 50 120] and ‘RoadT’ (fuzzy logic system 3) with 

fuzzy membership value GANG[0 0.5 0.75], VILLAGE[0.5 

0.75 1.25 1.75], CITY[1.25 1.75 2.25 2.75], TOLL[2.25 2.75 

3]. 

2) Output variables: ‘Angle’ (fuzzy logic system 2) with 

membership function value VERYNEGATIVE[-50 -40 -35], 

NEGATIVE[-40 -30 -20], LITTLENEGATIVE[-25 -15 -5], 

ZERO[-10 0 10], LITTLEPOSITIVE[5 15 25], 

POSITIVE[20 30 40], VERYPOSITIVE[35 40 50]. 

‘Road’(fuzzy logic system 2)with membership function value 

NEARGOAL[0.5 0.55 0.75], MEDIUMGOAL[0.5 0.75 .75 

2], FARGOAL[1.75 2 3]. ‘Speed’ (fuzzy logic system 3) 

FASTSPEED[-10 -7.5 -6.5], MEDIUMSPEED[-7.5 -6.5 -4.5    

-3.5], LOWSPEED[-4.5 -3.5 -1.5 -0.5], STOPINGSPEED[-

1.5 -0.5 0]. 

3) Fuzzy rule base: In fuzzy logic system 2 consist of 

eighteen rule bases, i.e.: 

[R1] FD = F ⇒ R = FG 

[R2] FD = M ⇒ R = MG 

[R3] FD = N ⇒ R = NG 

[R4] RD = F ⇒ R = FG 

[R5] RD = M ⇒ R = MG 

[R10] FD = F ⇒ A = Z 

[R11] FD = M ⇒ A = Z 

[R12] FD = N ⇒ A = Z 

[R13] RD = F ⇒ A = NT 

[R14] LD = F ⇒ A = PT 

[R6] RD = N ⇒ R = NG 

[R7] LD = F ⇒ R = FG 

[R8] LD = M ⇒ R = MG 

[R9] LD = N ⇒ R = NG 

[R15] RD = M ⇒ A = NT 

[R16] LD = M ⇒ A = PT 

[R17] RD = N ⇒ A = VN 

[R18] LD = N ⇒ A = VP 

In fuzzy logic system 3 consist of four rule bases, i.e.: 

[R1]  RT = T ⇒ S = FS 

[R2]  RT = C ⇒ S = MS 

[R3]  RT = V ⇒ S = LS 

[R4]  RT = G ⇒ S = SS 

C. Parallel Cascade Fuzzy Specification 

Parallel cascade fuzzy method implemented to process 

inputs from proximity sensors that detect range from robot to 

obstacle in front of it. Those inputs processed into outputs i.e. 

speed and turn angle. Fuzzy logic system 1 has output road 

type that used by the fuzzy logic system 2 as a fuzzy set 

modifier. Fuzzy set modifier is a variable that changes the 

domain of fuzzy set. Road type value used to determine 

which fuzzy set will be use in of fuzzy logic system 2. If the 

road type value is greater than or equal to 0.58, then fuzzy set 

1 used, otherwise if less than 0.58, fuzzy set 2 used. Fuzzy 

logic system 3 added to processing speed and turn angle 

outputs when goal area detected. This system is affected by 

road type value as a fuzzy set modifier too. Architecture of 

the implemented parallel cascade fuzzy is shown in Fig. 6. 

This system was built with these specifications: 

1) Input variables: ‘LeftDistance’, ‘RightDistance’, 

‘FrontalDistance’ (in all fuzzy logic systems) with 

membership function value NEAR[0 5 20], MEDIUM[15 25 

35 45], FAR[40 50 120]. 

The fuzzy logic system 3 has unfixed fuzzy membership 

function due to its fuzzy set modifier (i variable). The 

membership function of ‘NEAR’ linguistic variable shown 

by (1), ‘MEDIUM’ shown by (2), and ‘FAR’ shown by (3).  

                𝜇𝑁𝐸𝐴𝑅[𝑟] =  {

1; 𝑟 < 5𝑖

    
10𝑖−𝑟

10𝑖−5𝑖
; 5𝑖 ≤ 𝑟 ≤ 10𝑖

 0; 𝑟 > 10𝑖

 (1) 

 
Fig. 3. Cascade Fuzzy Architecture [4] 

 
Fig. 6. Simulated Parallel Cascade Fuzzy Architecture. 
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𝜇𝑀𝐸𝐷𝐼𝑈𝑀[𝑟] =  

{
 
 

 
 

        1; 10𝑖 < 𝑟 < 60𝑖
𝑟 − 5𝑖

10𝑖 − 5𝑖
; 5𝑖 ≤ 𝑟 ≤ 10𝑖

80𝑖 − 𝑟

80𝑖 − 60𝑖
; 60𝑖 ≤ 𝑟 ≤ 80𝑖

              0; 𝑟 > 5𝑖 ⋁ 𝑟 < 80𝑖

 (2) 

      𝜇𝐹𝐴𝑅[𝑟] =  {

1; 80𝑖 < 𝑟 < 120𝑖

    
𝑟−60𝑖

80𝑖−60𝑖
; 60𝑖 ≤ 𝑟 ≤ 80𝑖

 0; 𝑟 < 60𝑖

 (3) 

1) Output variables: ‘Road’ (fuzzy logic system 1) with 

membership function value GANGROAD[0.5 0.55 0.6 0.65], 

VILLAGEROAD[0.6 0.7 0.8 0.9], CITYROAD[0.8 1 1.2 

1.5], TOLLROAD[1.4 1.8 2.99 3]. ‘Angle’ (fuzzy logic 

system 3) with membership function value 

VERYNEGATIVE[-50 -40     -35], NEGATIVE[-40 -30 -

20], LITTLENEGATIVE[-25 -15    -5], ZERO[-10 0 10], 

LITTLEPOSITIVE[5 15 25], POSITIVE[20 30 40], 

VERYPOSITIVE[35 40 50]. The ‘Speed’ (fuzzy logic 

system 3) output has unfixed fuzzy membership function due 

to its fuzzy set modifier. The membership function of 

‘STOPSPEED’ linguistic variable shown by (4), 

‘LOWSPEED’ shown by (5), ‘MEDIUMSPEED’ shown by 

(6), and ‘FASTSPEED’ shown by (7). 

             𝜇𝑆𝑇𝑂𝑃𝑆𝑃𝐸𝐸𝐷[𝑝] =  

{
 
 

 
 

           
1; 𝑝 > 0

𝑝 − (−0,1𝑖)

0 − (−0,1)
; −0.1𝑖 ≤ 𝑝 ≤ 0

                   0;  𝑝 < −0.1𝑖

 (4) 

               𝜇𝐿𝑂𝑊𝑆𝑃𝐸𝐸𝐷[𝑝] =

{
  
 

  
 

          1;−1𝑖 < 𝑝 < −0.5𝑖
𝑝 − (−1.5𝑖)

−1𝑖 − (−1.5𝑖)
; −1.5𝑖 ≤ 𝑝 ≤ −1𝑖

−0.1𝑖 − 𝑝

−0.1𝑖 − (−0.5𝑖)
; −0.5𝑖 ≤ 𝑝 ≤ −0.1𝑖

                 0; 𝑝 > −0.1𝑖 ⋁ 𝑜 < −1.5𝑖

 (5) 

  

  

 

𝜇𝑀𝐸𝐷𝐼𝑈𝑀𝑆𝑃𝐸𝐸𝐷[𝑝] =  

{
 
 
 

 
 
 

        1;−3.5𝑖 < 𝑝 < −2𝑖
𝑝 − (−4𝑖)

−3.5𝑖 − (−4𝑖)
; −4𝑖 ≤ 𝑝 ≤ −− 3.5𝑖

  
−1𝑖 − 𝑝

−1𝑖 − (−2𝑖)
; −2𝑖 ≤ 𝑝 ≤ −1𝑖

                    0; 𝑝 > −4𝑖 ⋁𝑝 < −1𝑖

 (6) 

             𝐹𝐴𝑆𝑇𝑆𝑃𝐸𝐸𝐷[𝑝] =  {

                
    1; 𝑝 < −4𝑖

    
−3.5𝑖−𝑝

−3.5𝑖−(−4𝑖)
; −3.5𝑖 ≤ 𝑝 ≤ −4𝑖

                   0; 𝑝 > −3.5𝑖

 (7) 

2) Fuzzy rule base: In fuzzy logic system 1 consist of 27 

rule bases, i.e.: 

[R1]  RD = N ∧ LD = N ∧ FD = F ⇒ R = GR 

[R2]  RD = N ∧ LD = N ∧ FD = M ⇒ R = GR 

[R3]  RD = N ∧ LD = N ∧ FD = N ⇒ R = GR 

[R4]  RD = N ∧ LD = M ∧ FD = F ⇒ R = VR 

[R5]  RD = N ∧ LD = M ∧ FD = M ⇒ R = VR 

[R6]  RD = N ∧ LD = M ∧ FD = N ⇒ R = GR 

[R7]  RD = N ∧ LD = F ∧ FD = F ⇒ R = CR 

[R8]  RD = N ∧ LD = F ∧ FD = M ⇒ R = CR 

[R9]  RD = N ∧ LD = F ∧ FD = N ⇒ R = GR 

[R10]  RD = M ∧ LD = N ∧ FD = F ⇒ R = VR 

[R11]  RD = M ∧ LD = N ∧ FD = M ⇒ R = VR 

[R12]  RD = M ∧ LD = N ∧ FD = N ⇒ R = GR 

[R13]  RD = M ∧ LD = M ∧ FD = F ⇒ R = CR 

[R14]  RD = M ∧ LD = M ∧ FD = M ⇒ R = CR 

[R15]  RD = M ∧ LD = M ∧ FD = N ⇒ R = GR 

[R16]  RD = M ∧ LD = F ∧ FD = F ⇒ R = TR 

[R17]  RD = M ∧ LD = F ∧ FD = M ⇒ R = TR 

[R18]  RD = M ∧ LD = F ∧ FD = N ⇒ R = GR 

[R19]  RD = F ∧ LD = N ∧ FD = F ⇒ R = CR 

[R20]  RD = F ∧ LD = N ∧ FD = M ⇒ R = CR 

[R21]  RD = F ∧ LD = N ∧ FD = N ⇒ R = GR 

[R22]  RD = F ∧ LD = M ∧ FD = F ⇒ R = TR 

[R23]  RD = F ∧ LD = M ∧ FD = M ⇒ R = VR 

[R24]  RD = F ∧ LD = M ∧ FD = N ⇒ R = GR 

[R25]  RD = F ∧ LD = F ∧ FD = F ⇒ R = TR 

[R26]  RD = F ∧ LD = F ∧ FD = M ⇒ R = VR 

[R27]  RD = F ∧ LD = F ∧ FD = N ⇒ R = GR 

In fuzzy logic system 1 consist of fourteen rule bases, 

i.e.: 

[R1] FD = F ⇒ A = Z 

[R2] FD = F ⇒ S = FS 

[R3] FD = M ⇒ A = Z 

[R4] FD = M ⇒ S = FS 

[R5] RD = F ⇒ A = P 

[R6] RD = F ⇒ S = FS 

[R7] LD = F ⇒ A = NT 

[R8] LD = F ⇒ S = FS 

[R9] RD = M ⇒ A = LP 

[R10] RD = M ⇒ S = LS 

[R11] LD = M ⇒ A = LN 

[R12] LD = M ⇒ S = LS 

[R13] FD = N ⇒ A = Z 

[R14] FD = N ⇒ S = SS 

TABLE II. TEST AREAS 

No. Area 

Name 

Area Image Information 

1. goalA 

 

An area to test the robot's 

ability to reach a goal 
positioned in front of the 

robot. 

2. goalB 

 

An area to test the robot's 

ability to reach a goal 

positioned in front of the 

robot with one obstacle. 

3. goalC 

 

An area to test the robot's 

ability to reach a goal 

positioned on the front 

right position of the robot. 

4. circA 

 

An area to test the ability 

of the robot controls the 

moving direction and the 

speed on a circuit with a 
homogeneous trajectory 

width. 

5. circB 

 

An area to test the ability 

of the robot to control the 

direction of motion and 

adjust the speed at the 

circuit with a not 

significance changes of the 
trajectory width. 

6. circC 

 

An area to test the ability 
of the robot to control the 

direction of motion and 

adjust the speed on the 

circuit with a significant 

change of the width of the 

trajectory. 

7. laneA 

 

An area to test the ability 

of the robot to operate in 

narrow trajectory. 

8. obsA 

 

An area to test robot’s 

ability to operate in area 

with many obstacles and 

various turn angle. 
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IV. TEST RESULT 

The test was done by comparing of each method 
implemented as AGV robot moving control system in areas 
listed in Table 2. The compared parameters are the elapsed 
time of the AGV robot completing each area (from the starting 
point to goal area) and the success rate. If the robot collides 
with an obstacle, then the test is failed and time not recorded 
in result table. Each architecture tested ten times on each 
operational area with interval time input 10 ms. 

Based on test result of ‘goalA’ shown in Table 3, parallel 

cascade fuzzy have the best average time to reach a target. A 

relatively wide area causes the fuzzy set modifier to have a 

large value. This impacts on the highest speed that can be 

achieved by robots that use parallel cascade fuzzy is high 

enough (recorded 10 pixels / iteration). In the SHFS method, 

the highest speed that a robot can achieve is only 6 pixels / 

iteration. In the MIMO fuzzy method, the highest speed the 

robot can reach is 8 pixels / iteration. 

Based on the test on the 'goalB' area, the parallel cascade 

fuzzy method has the shortest average travel time.  

Based on test results obtained in the 'goalA' and 'goalB' 

areas, re-testing for the same area with the destination area 

moved to the right side of the robot operational area. 

Test results in the 'goalC' area show that the fuzzy method 

has the shortest average travel time, with little gap compared 

to parallel cascade fuzzy method. In this test proves that the 

orientation of the right and left of the destination location 

against the initial position of the robot affect the travel time. 

The trend factor of robot turn direction needs to be adjusted 

again to get more valid results. However, based on the 

average time obtained by parallel cascade fuzzy compared 

with the fuzzy method, the difference that is not too 

significant can be a benchmark. When the destination area is 

in the opposite direction of the robot turning tendency, the 

time to reach that goal still shows good results. 

In the next test, each method tested in circuit operating 

area. The area 'circA' has a characteristic trajectory with a 

homogeneous width. 

In comparison to the circA area shown in Table 3 the 

fastest route time result is a fuzzy method with a time 

difference of 2.055 seconds with parallel cascade fuzzy, 

while the SHFS method is far adrift with time difference 

19.177. Further testing is done on the area 'circB' with a 

change in the width of the trajectory that is not too significant. 

In the test of the 'circB' area, the fuzzy method has the best 

average time record of 16.751 seconds. Parallel cascade fuzzy 

is under MIMO fuzzy method with average time of 22.394 

seconds followed by SHFS method with average travel time 

42.323. Furthermore, to reinforce the performance results of 

each method on the condition of the width of the passage, test 

was done in the area of 'circC' which has a very significant 

change in trajectory width. 

Based on the results of the test on the 'circC' area, in case 

of handling very narrow width trajectories, the parallel 

cascade fuzzy method can overcome this. Other methods 

can’t handle trajectories less than one and a half times the 

width of the robot body and collide with the obstacle area, so 

the results of testing the SHFS and Fuzzy methods with the 

MIMO model are considered failed. Testing the travel time is 

only done five times because the results of travel time can’t 

be compared on testing in the area 'circC'. 

Test on the 'laneA' area is a test to confirm that the parallel 

cascade fuzzy method can handle trajectories of width less 

than one and a half times the width of the robot body. 'laneA' 

was made with a 12 pixels line width.  

The result obtained in the test of the 'obsA' area show that 

the parallel cascade fuzzy method reached the destination 

area with an average travel time of 3.195 seconds. This shows 

that the robot with the parallel cascade fuzzy motion method 

can reach a destination area well. The parallel cascade fuzzy 

method can handle more diverse turn angles so the robot does 

not have to turning around to find the position with the right 

angle to take the turn. 

In this case, the parallel fuzzy cascade method has the 

advantage of including the fuzzy set modifier in speed and 

turn angle outputs processing, so that the robot has relativity 

on a given type of road. The membership range for each 

distance set variable will change its membership value based 

on the fuzzy set modifier value obtained from the value in the 

first fuzzy logic system. This causes various the maximum 

speed for each type of road. The area conditions in the tests 

of the ‘circA’ and the ‘circB’ areas tend to be more in 

medium-width road conditions, which have an adverse effect 

on the parallel cascade fuzzy test results. However, when 

examined with other area test results, robots with parallel 

cascade fuzzy motion method have good results and can 

handle trajectories less than one and a half times the width of 

the robot body. It shows that this method can be applied in a 

robot motion control system that has the ability to handle 

various types of operational area conditions. 

Similar to parallel cascade fuzzy, SHFS can also add a 

condition that considers the type of trajectory as an input 

parameter in the system. At SHFS, speed is only determined 

based on the value obtained from the first fuzzy logic system 

that produces the type of trajectory. If the trajectory is narrow, 

the resulting speed will have a low maximum limit, and so on 

for the type of road that is getting wide is proportional to the 

TABLE III. TEST RESULT  

Area Parallel Cascade Fuzzy SHFS MIMO Fuzzy 

Average Time 

(seconds) 

Result Average Time 

(seconds) 

Result Average Time 

(seconds) 

Result 

goalA 1.299 Success 2.459 Success 1.906 Success 

goalB 1.677 Success 3.013 Success 8.332 Success 

goalC 2.495 Success 3.356 Success 2.395 Success 

circA 17.976 Success 35.098 Success 15.921 Success 

circB 22.394 Success 42.323 Success 16.751 Success 

circC 29.317 Success - Failed - Failed 

laneA 17.567 Success - Failed - Failed 

obsA 3.195 Success 15.100 Success 24.775 Success 
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maximum speed of the AGV robot. However, the handling of 

the SHFS method is not as good as parallel cascade fuzzy. 

V. CONCLUSION 

In its application as motion control robot Automated 

Guided Vehicle equipped with three proximity sensors and 

three color sensors, the parallel cascade fuzzy method, 

simulated in Fuzzy Auto Guided Vehicle 1.3 software, has a 

level of control capability to achieve targets faster than the 

Serial method Fuzzy Hierarchical System (SHFS) and fuzzy 

with Multiple Input Multiple Output (MIMO) model. 

Application of parallel cascade fuzzy on AGV robot operated 

in area with circuit type has automatic speed setting based on 

trajectory type without having to readjusting the domain in 

fuzzy set. The cascade fuzzy parallel method has a more 

diverse range of area types than the SHFS and fuzzy MIMO 

methods because it can handle a relativity parameter based on 

the width of the trajectory and the distance the obstacle is read 

by the sensor in the robot operational area. The results 

obtained are not included with the determination of the fuzzy 

rule base and the domain value in each fuzzy variable used. 

The creation of the rule base and the determination of the 

domain value of each fuzzy variable need a deeper analysis 

to determine the effect on the parallel cascade fuzzy method. 

The application of methods on AGV robot motion control can 

be performed to test the validity of test results related to other 

factors that may affect the performance of robots such as 

contours of operational areas, types of robot drive motors, 

and others. 
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