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Abstract- The robotic manipulator using intelligent controller has become a research hotspot for most robot 
manufacturers all over the world. Robotic manipulator systems have disadvantages, such as high nonlinearity, 
slow response, and uncertainty; Type-2 FLC can be a solution to these drawbacks. A fuzzy controller for 5250 
Robotic Manipulator (RM) Lab-Volt (LV) is designed to track the joints position with new axis. The RM joint 
is processed as a single case. The Particle Swarm Optimization and Genetic Algorithm are used. The new design 
was implemented of type-2 fuzzy logic based PSO as four controllers (T1FLC, T2FLC, PSOT1FLC, and 
PSOT2FLC). The most important parameters of Type-2 Fuzzy are gains (input /output) and foot of print 
uncertainty (FOU). Four cases are implemented for each joint (fixed FOU fixed Gain, fixed FOU variable Gain, 
variable FOU fixed Gain and variable FOU variable Gain). The experimental results for PSOT2FLC gave a 
good transient response with minimum integral absolute error IAE and minimum overshoot. 

Keywords- Type-2 Fuzzy Logic Controller; Type-1 Fuzzy Logic Controller; Particle Swarm Optimization; 
Genetic Algorithms; Robotic Manipulator; MATLAB Package. 

 

I.   INTRODUCTION 

RM the common and familiar type of robot. Robotic systems have these days represent a very important sector of 

many industrial processes such as in manufacturing, military, and civilian [1,2].  The serial body structures are the 

first design of robotic manipulators.  In this kind of robots, joints are attached to each other in links.  This leads to 

easy methods of kinematics and dynamics but also lower precision and increase in manipulator’s weight with lower 

repeatability. The complex and coupled nonlinear systems problems in robotic manipulator signal tracking are no 

solved; therefore, the cause for this paper are: to build and implement optimal control action for RM, to track the 

desired signal with minimum error, to overcome high uncertainty. 

 Work contributions are summarized as: 

• New developing of the type-2 fuzzy logic controller design based PSO and genetic algorithm (GA) techniques, 

and compared responses between   PSOT2FLC and   GAT2FLC. 

• The novelty is concerned to choose the membership-function to a very good transient response, minimum error 

based PSO and overall analysis T2FLC according to FOU and Gains. 

• The unsymmetrical memberships function represented as triangles with the same top head. 

• Minimizing the tracking error of the robotic manipulator, again by optimal choose for input and output gains. 

• Verifying experimentally the capability of the proposed on-line type-2 fuzzy logic controller based PSO in 

tracking path by using Lab-Volt 5250 robotic manipulator.    
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A. The Detail for Lab-Volt 5250 RM Framework 

Those Lab-Volt 5250 robotic controllers need five degrees of option (5 DOF) Furthermore an end-effector to item 

grasping. There need aid (3) main joints (joints of arm) Elbow, Shoulder, and Base, those secondly joints (joints of 

the wrist) would roll, and pitch. Fig. 1 indicates the photo of the lab-volt 5250 robotic manipulators.  Those ranges 

from claiming lower arm joints would (zero- one hundred fifty-five) in degrees, upper arm (zero – two hundred forty) 

in degrees and driven Toward An dc servo motor, and the ranges of the wrist revolution joints would (zero – one 

cycle) in degrees Furthermore wrist pitch (zero – one hundred fifty five) in degrees, Likewise indicated over same 

Fig. 1. DC servo motor of the joint base is "General Motor 9421". The Gear Box is 1277/1-1. The joint of Shoulder 

sort will be "General Motor 9431" which diminishment through pulleys.  The Joint of the elbow is "General Motor 

9431"   through Gear Box 1277/10-1. The properties of wrist motors need aid those same for roll and pitch, eas takes 

after: the max. Torque will be three kg. Cm, maxi. Present will be 1.25 A, the begin current will be 0.156 A.  The Lab-

Volt 5250 is a five joints PC controlled arm. Each joint would freely be controlled Toward a closed-loop servo motor 

system [5,6]. 

 
Figure 1. Photo of the lv 5250 RM for joints ranges. 

B. The Lab-Volt 5250 RM Forward Kinematics 

Robot joints were assessed, in this way the joint variable may be Өi for those robot joint. Those entire kinematic 

parameters of the Lab-Volt 5250 Robotic controller were measured, more recordings done in Table I. 

TABLE I 
MEASURED DENAVIT–HARTENBERG PARAMETERS 
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Kinematics parameters exhibited might have been resolved to utilize this setup concerning illustration starting pose.  

Zero position structure of LV5250RM is shown in Fig. 2. Axis of the base is defined as; the rotational axis is Z_0, 

which is the X_0 axis is aligned with the physical axis of the cylindrical base, and vertical to the work table. That 

point finishes the 3rd axis system (X_0, Y_0, Z_0) . Eventually perusing utilizing the right-hand rule. Base root has 

been put in the beginning [7,8]. 

 
Figure	2.	Home	Position	of	Robot	Arm	(zero	position).	

Kinematics parameters exhibited might have been resolved to utilize this setup concerning illustration starting pose.  

Zero position structure of LV5250RM is shown in Fig. 2. Axis of the base is defined as; the rotational axis is Z_0, 

which is the X_0 axis is aligned with the physical axis of the cylindrical base, and vertical to the work table. That 

point finishes the 3rd axis system (X_0, Y_0, Z_0). Eventually perusing utilizing the right-hand rule. Base root has 

been put in the beginning [7,8]. 

Axis of pivoting (Z_1) of the shoulder joint is level with respect to the fill-in floor plane, i.e. perpendicular to the 

X_0, Y_0-plane. Those crossing point for Z_0 What's more Z_1 will be speaking to those beginning of the span (X_1, 

Y_1, Z_1), that hub is resolved Eventually perusing those cross product (Z_0 x Z_1) the RHR is connected. That point 

figures out the heading of the third axis Y_1 toward utilizing RHR for X_1 and Z_1. Those certain bearing of the Z_0 

what is more Z_1 axes need aid picked on understanding for RHR dives of the certain course of the precise position 

Ө_1 Also Ө_2, individually. The revolution axis Z_2 will be parallel to the past joint pivoting axis Z_1, in this manner 

X_1 hub will be along the as a relatable point ordinary from claiming them. Those third axis Y_2 with finish those 

span may be characterized as stated by RHR, the crossing point about these hub speaks to those root for this outline 

(X_2, Y_2, Z_2). Those revolution axis Z_3 may be parallel to the past joint pivoting axis Z_2, Consequently X _3 

axis is along those normal typical of them. Those third axis Y_3 on complete those span may be characterized as stated 

by RHR, those crossing point of these hub speaks to the beginning of this span (X_3, Y_3, Z_3). That revolution axis 

Z_3 will be parallel to the past joint pivoting axis Z_2, accordingly, X_3 axis are along the as a relatable point typical 

for them. Those third axis Y_3 to finish the span is characterized as stated by RHR, the convergence of these axis 

speaks to those beginning for this span (X_3, Y_3, Z_3). That same methodology may be connected to the remaining 

span. The arm movement might make spoken to transformation matrix as taking after: 

 Arm-rotation=Tr#$%&'()%*(𝜃	-	, 𝜃	/,𝜃	0) (1) 
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In general, Tr))
22 speaks to the conversion from 𝑖i	*5 area to jj	*5 location. Also, Tr#$%&'()%*(T8&(9*5(&&	) may be the orientation 

Furthermore position of the arm with admiration to the build direction frame, rely on upon those principals (3) angles 

(𝜃	-	, 𝜃	/	, 𝜃	0). Wrist movement (rotation) might a chance to speak to Eventually the transformation matrix starting 

with wrist to end effecter Likewise follow [9,10].  

 Wrist movement (rotation) = Tr'()%*&:;<&==&>*9( (	𝜃	? , 𝜃	@) (2) 

Furthermore, Tr'()%*&:;<&==&>*9( ( Tr0@  ) will be roll and pitch of wrist joint coordinate frame, (	𝜃	?,𝜃	@). Note that 

Tr?@(	𝜃	@) maps between the roll and tool-tip coordinates, what is more Tr0? (	𝜃	?) maps between the wrist pitch and 

roll coordinates. Therefore, the composite Tr0? (	𝜃	?)  maps between wrist and end-effecter coordinates. Comparatively 

(Tr/0(	𝜃	0)) maps between elbow and wrist coordinates, (Tr-/(	𝜃	/) maps between shoulder and elbow coordinates, 

Also, TrA-(	𝜃	-)maps between base and shoulder coordinates. Therefore, those composite change TrA0(	Ө	-;Ө	/; 	Ө	0)  

wrist axis based base axis.  

Those general result could make communicated as:  

 [ Overall rotation] = [rotation of wrist] [rotation of arm]                              (3) 

By Denavit–Hartenberg strategy, the position of tool-tip can be represented as: 

 TrD(9E	#$%&F9	&:;<&==&>*9( (		𝜃	-	𝜃	-, 𝜃	/, 𝜃	0 , 𝜃	? , 𝜃	@ ) =	TA-(	𝜃	-) 	T-/(𝜃	/)	Tr/0(	𝜃	0)		T0? (	𝜃	? ) T?@(	𝜃	@) = TA@         (4) 

 The rotation matrix 𝑅	0H0  and position vector	𝑃	0H-  of the (HTM) TrA@	 is expressed as: 

 𝑇𝑟LMNO	PQRS
TN	SUV<SWWSXYNM = 𝑅	0H0				𝑃	0H-

0	0	0								1						        (5) 

The upper matrix is divided into four parts, the first part is matrix R(3x3) end-effector orientation, second part is 

matrix P(3x1) end – effector position, third part is (0 0 0), and fourth part is (1). 

Thus, in the regulate kinematic solution, for at whatever provided for esteem of the joint angles θ, the arm matrix 

Tr#$%&&:;<&==&>*9(  might make assessed.  

II. FUZZY LOGIC CONTROLLER TYPE-2 BASED ON A PSO TECHNIQUES (PSOT2FLC) 

Only the feature of type reducer block is the difference between Fuzzy Type - 2 and type 1. In the fuzzy logic type-

2, the first Input (error) and a second input (error change) of the robotic manipulator and they could make 

communicated as [20,21]: 

 E(k) =𝑀MSW(k) – M(k) (6) 

 Change of E(k) = E(k) – E(k-1) (7) 

 

The output controller is control action u and represented as the torque. Table II represents the rule base used, where 

L, S, Z, P, and N acts for ‘Large’, ‘Small’, ‘Zero’, ‘Positive’, and ‘Negative’ respectively. Those MFs' in the Type-2 
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FLC have been committed toward upper triangle what's more bring down triangle (by twofold triangles) comprising 

from claiming five end focuses. Subsequently that mf of Type-2 is no single amount Similarly as Type-1 fuzzy logic 

[20].  In Fig. 3, the four unsymmetrical membership function triangles are used. The MFs' can be written as: 

 {-1	≤ (	-a1; -a2; 0; a2; a1)≥ 1} ------------------- Center MF;  

 {-1	≤ (-d; -e; -f; -g; -h; h; g; f; e; d)	≥ 1} --------Upper MF; 

 {-1≤ (-e; -f; -g; -h, g; -g; -h; g; f; e) ≥ 1}--------Lower MF. 

TABLE II 
TYPE-2 FLC RULE BASE 

 
 

The PSO technique obtained the numerical values for the Lower, Upper and Center MFs'. The best position obtained 

so far (pbest) which remembers for each particle. It also receives the globally best position implemented by any particle 

in the population (gbest). The velocity which update particle can be evaluated by the distance and the velocity, and 

velocity for pbest& gbest by (8). 

  (8) 

where:  

vi,j(k) : velocity of particle for i in axis j.  Max. values for j and i in this work are 15 and 70 respectively.  

xi,j(k) : position of particle for  i in axisj.   

C1, C2:  the values of acceleration (0.12 & 1.2).  

w: the factor of inertia (92/100).  

r1, r2: random values (0 – to-1).    

The position value is up to date using new position value and new velocity as 

  (9) 

The initial velocities and positions values of particle swarm are random.  The fitness function is used as Integrated 

Absolute Error where: 

  (10) 
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and it is calculated at the terminating of each iteration [11], [12]. The width of the membership function, i.e., FOU is 

auto varied, due to the input value [9].  Karnik Mendel [K-M] is used as type reducer from T2 to T1 [13,14].  The K-

M output is two values as output right and left (𝑦M, 𝑦`). The defuzzied output is the average of 𝑦` and yr. The PSO is 

used to design Type-1 FLC.  The MFs triangles are used with same centers. Then, the triangle's base of the membership 

functions are the mathematics mean of the lower and upper membership functions of the fuzzy logic type-2, Table II 

shows the rule base. 

The fuzzy type-2 with PSO is the second criteria (PSOT2FLC). PSO used to evaluate FOU and Gains. It can be 

achieved in four ways: method one is fixed for gains and foot of print uncertainty (Fixed FOU x Fixed GAIN), method 

two is variable gains and fixed foot of print uncertainty (Fixed FOU x Var. GAIN), method three variable FOU and 

fixed GAINS (Var. FOU x Fixed GAIN), and the last method variable GAINS and FOU (Var. FOU x Var. GAIN). 

All mfs' used in this procedure at the same head top for higher (upper) and down (lower) but error and error change 

will be controlled of the variable base for a triangle, as illustrated in Fig. 3. The numerical values of T2FLC MFs' 

characteristics are shown in Table III. 

Fig. 4 shows the flowchart of robotic manipulator controller based PSO. The optimization starts with input the 

number of the iteration (80) and population (200), then selecting the number of parameters (thirty two) that need 

optimization for MFs' and I/O Gains, initializing PSO then using the position swarm, limitation for each parameters 

(24) and velocity update, then   T1, or, T2FLC, then select the fitness equation and, finally, plot the time response of 

the system [15,16]. 

III.  RM HARDWARE SYSTEM DESIGN   

A. Input /Output Robotic Manipulator Hardware 

Five dc servo motors in the LV5250 Robotic manipulator, one to every join. Fig. 5 illustrates the proposed controller 

of the RM- structure.  

The work is used interface electronic devise "PCI 1712/1711" through a personal computer. This model will 

determine the error change and error which will be distinguished between those zero point of the needed position of 

the particular join with the real position about join, then the control action has been generated and go to driving circuit 

[17], [18]. 
 

B. PCI-1711, ADVANTECH, For Robotic Manipulator 

The card of Advantech type is implemented in this work to interfacing between Personal Computer and Robotic 

Manipulator in RTWT.  

Utilized with RTW, contains (sixteen solitary finished) channels simple input, twelve-bit determination A/D 

converter dependent upon one hundred kilohertz inspecting rate, (two)channels simple output, sixteen channels 

advanced enter, sixteen channels advanced output, What's more sixteen bits determination. The project was connected 

by using fourteen digital output and ten digital input with RTW [13,14].  
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TABLE III 
INPUT/OUTPUT NUMERICAL VALUES OF THE LOWER AND HIGHER MFS' T2FLC BASED PSO 

 

 
Figure 3. Optimized mfs' of psot2flc (inputs error and change of error). 
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Figure 4. Flowchart of T2FLC based PSO 

 

 
Figure 5. LV 5250 robot position controller.  

Fig. 6 illustrates the controller of one joint Simulink model. These Simulink comprise for three blocks, the principal 

piece may be utilization with procedure those information signs the second square utilization with making those 

control movement, the most recent piece utilized to make advanced PWM. 

Fig. 7 shows the block of M- function. Those T inputs are limit of max. the voltage that runs the motor of the robotic 

manipulator, MFs center, MFs bases, error change, error, and input/output gains, the controller output is the control 

command (u).  
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Figure 6. Robotic Manipulator controller model simulation for each joint. 

 
Figure 7.  Type-2 FLC Simulink system. 

Fig. 8 represents the experimental setup of Lab-Volt 5250 robotic manipulator that consist of (4) parts, part number 

one is personal computer, and the other part is electrical port of motor, last part is control unit [18]. 

 
Figure 8. The setup of RM. 
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IV. RM CONTROLLER EXPERIMENTAL RESULTS 

The framework comprises of pc and the interface card by means of the workstation PCI Advantech 1711, and in 

addition those RM. That interface card is utilized Likewise data acquisition What's more, sends the crisp values of the 

dc joint motor. 

1)  DC motor drive: the speed of joint may be done by regulating the input voltage of the motor. 

2)  Position sensor: for each, the motor is supported toward a mechanical optical encoder. Those mathematical 

statements that are converting the sentiment sign starting with check those square wave unit on degree unit may 

be acquired by cur fitting strategy. 

3)  Identification reason of RM: the reason behind uses the identification is the model of FLC needed to optimization 

technique.  

A. Results of Identification 

The Matlab toolbox is used to get the results. Two criteria to find the performance of the models, percentage, fit %, 

and Akaike’s Final Prediction Error (FPE).  The fit percentage is 94.611 %, and Akaike’s Final Prediction Error, FPE 

is 0.1014, when sampling time is 10ms. Identification of non-linear parameters of motor joints is illustrated in Table 

IV. 

TABLE IV 
LAB-VOLT 5250 RM IDENTIFICATION OF THE JOINTS 

 

B. Response of Base Joint  

The position point of the base joint is 140° . The several of controllers is used as: 

1)  The response of FLC base joint with different types: the type-1FLC or type-2FLC is implemented with the LV 

base joint. Fig. 9 illustrated the response of closed system and Table V illustrated the response parameters of the 

several types of controller. Table V represented the comparison between T2FLC and T1FLC from point of view 

rise time, settling time, and maximum over shoot. T2FLC is able to treat the high nonlinearity and uncertainty. 

 

 



	

Iraqi Journal of Information and Communications Technology (IJICT) 
Vol. 1, Issue 1, March 2018 

 
 

Ahmed A. Al–Jazaeri, Mohammed Z. Al-Faiz	
	

https://ijict.edu.iq                                                                           46 

TABLE V  

RESPONSE OF BASE JOINT (TYPE-1FLC, TYPE-2FLC) 

IAE %M𝑷 t%(second) t𝒓(second) Controller Types 

3.7296 1.229 5.760 4.655 Type-2FLC 

4.0220 1.022 5.820 4.865 Type-1FLC 

 

 
Figure 9. Base joint motor Response for T2FLC and T1FLC. 

2)  The response of base joint by four cases GAT2FLC: four responses T2FLC with several states of FOU and Gains 

illustrated in Fig. 10. From Table VI, it can be seen   that the minimum value of the IAE, t𝒔,	t𝒓 and MP for variable 

FOU and variable Gains. 

 
(a) 

 

(b) 

Figure 10. (a): Base joint motor response for four cases GAT2FLC, (b): Base motor response with four GAT2FLC 
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TABLE VI 

 THE RESPONSE OF BASE JOINT MOTOR FOR FOUR GAT2FLC 

 
3)  The response of base joint for four PSOT2FLC: by utilizing that adaptability for useful PSO T2 FLC for the 

uncertainty of the model, by auto evolving worth about footprint of uncertainty. The base joint motor response 

using PSOT2FLC with four situations for several values of Gain and FOU are shown in Fig. 11. The Response 

characteristics illustrates in Table VII. It might a chance to be illustrates by Table VII, that the base quality of the 

IAE may be equivalent (3.7293), Furthermore quicker t𝒓 will be (3. 998 sec), yet the least qualified for t𝒔	is (4.583) 

for that controller for variable FOU Furthermore variable Gain, those base quality of the greatest top overshoot 

will be for the same controller for variable FOU What's more Gain will be equivalent to (0.00%). 

TABLE VII 

 THE RESPONSE PARAMETERS OF BASE MOTOR WITH FOUR PSOT2FLC 

 

 

(a) 
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(b) 

Figure 11. (a): Base motor response with four PSOT2FLCs, (b): Base motor response with four PSOT2FLC 

 

4)  The response of base joint using (PSO& GA) T2FLC: the comparison between two responses by using PSO and 

GA is made. Fig. 12 shows that PSO response of T2FLC is the better than that of T1FLC. 

 
Figure 12. Base motor response for T2FLC based PSO & GA with variable (FOU& Gain) 

5)  Robot response for T2FLC, T1FLC: The   Fuzzy logic controllers type one and two used regulator the joints of 

robot DC motor. The error numerical values (position and orientation) for the last joint is shown in Fig. 13, using 

(11) [19].  

 𝑀𝑆𝐸 = 	 𝐸k/l
km- 𝑁 (11) 

Where, 𝑀𝑆𝐸 is mean square error, E is error and N is the number of samples.  

 
Figure 13. The error signal of position and orientation for LV 5250 RM. 
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From Table VIII, the settling time for joints of robot with T2FLC (8.301sec) is less than T1FLC (8.786sec), and 
same matter apply to the IAE and MSE. 

TABLE VIII 

 THE RESPONSE PARAMETERS OF ROBOTIC BASED T1FLC, T2FLC 

IAE*10k MSE*1k t𝒔 

In second 

 Controller 
types 

6.4102 1.3705 8.786 T1-FLC 

5.446 1.2762 8.301 T2-FLC 

 

6)  Robot Response based four PSOT2FLC: the robot response is illustrated in Fig. 14, for error signal of orientation 

and position. By using four changes PSOT2FLC with several states of the Gain and FOU the system is used to 

control all robot joints. The robotic system has the minimum values for settling time, and MSE based variable 

FOU and variable Gain. Table IX shows these parameters with numerical values. 

 

 
Figure 14. The error signal of position and orientation for robotic based PSOT2FLC. 

TABLE IX 

RESPONSE PARAMETERS OF ROBOT BASED FOUR PSOT2FLC,  

 
7)  The overall time response of T2FLC with PSO for Lab-Volt (5250): According to Table X the second column are 

robotic manipulator with P-X = 262.0, P-Y = 262.0, P-Z = 986.0, Ө-P = 45°, Ө-r = 90°, third column represents 

inverse kinematics with mat lab simulation (Proposed Method), and the fourth column represents the experimental 
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numerical values, and the percentage error is in the fifth column. Overall the curve of error vector RM based PSO 

as Variable (FOU& Gains) was illustrated in Fig. 15. 

TABLE X 

THE OVERALL NUMERICAL VALUES OF RESPONSE FOR LAB-VOLT (5250) ROBOTIC MANIPULATOR. 

 

 
Figure 15 The overall time response of T2FLC LV 5250 RM  

 V. CONCLUSION 

Because of the nonlinear qualities and parameter varieties done genuine environments, those type-2 fuzzy logic 

controller would be recommended will control those robotic controller joints motor. Those Emulating focuses might 

be reasoned for those responses at joints of the RM, according to the following points: 

1)  Type-2FLC performance is superior to Type-1FLC, from the perspective of the integral absolute error, settling 

time, which is more climbing (rising) time as stated in Table V. 

2)  PSOT2FLC performance is superior to T2FLC based GA, from a side of the point of seeing the integral absolute 

error, settling time, which is more rising time as stated by Table VI  

3)  The performance with variable (FOU& GAIN) with PSOT2FLC is superior to other cases, starting with the 

perspective of the IAE, settling time, rising time as stated in Table VII. 

4)  Those overshoots (M𝒑) about the joints, dc servo motor for PSOT2FLC is zero low level over different controllers 

as stated in Table VII. 

5)  The values of IAE that utilized for PSOT2FLC may be short of what PSOT1FLC for joints as stated in Table VII 

6)  The base & shoulder joints of the robotic manipulator are improved with the variable of member functions than 

symmetrical member functions' because they have high uncertainty. and nonlinearity. 
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7)  Generally, utilizing PSOT2FLC progressively provisions is superior to PSOT1FLC in spite of the fact that for 

variable width for MFs' that a constant rules base.  

The controllers FLC type-2 are introduced, to the control of robotic manipulator arm. It can be concluded from the 

obtained results that: 

1)  T2FLC will be superior to T1FLC, from a side of the point of the settling time, IAE.  

2)  Those superior performances of the RM for T2FLC based PSO for not fixed MFs' &Gains.  

3)  The triangles shape' are additional successful over other shapes about membership functions' in light of it is not 

difficult on auto evolving of a foot of pint uncertainty What's more well-known shape as stated by Table III. 

4)  Utilizing PSOT2FLC progressively requisitions is superior to PSOT1FLC uncommonly for RM that holds 

secondary uncertainty. and non-linearity. 
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