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This paper describes three controllers designed specifically for adjusting camera’s position in a small 
unmanned aerial vehicle (UAV). The PID, PI controllers were displayed firstly and simulated and the results 
displayed graphically using MATLAB technique, then we displayed the fuzzy logic controller(FLC) and it was 
simulated .The goal of this paper is to make a comparison between the three controllers for the desired 
performance. 

 
Unmanned Aerial Vehicles (UAVs) have been provided with video cameras for feeding video and images 

back to the ground control stations. Most of the UAVS use the servo motors for the movements in both roll and 
pitch. The camera in the UAV is connected to the duel-axis (roll and pitch mechanism), the rotational position is 
controlled by a tow motors (servo motors or DC motors) position control and feedback circuits. Roll error and 
pitch error signals obtained from gyro systems in the UAV are subtractive combined with roll and pitch position 
signals, to generated control signals to be applied to rotate the camera in a way that compensates for the roll and 
pitch movements of the UAV, and effectively isolates the camera from roll and pitch movements of the UAV 
and the camera will provide a good photo or video without loss in information [1]. 

DC-servomotor is one of the most widely used prime movers in industry today. Generally speaking the 
DC servomotor System is low order (no more 2nd or 3rdorder) and presents no particular design or 
implementation difficulties. However, the system does contain nonlinearities which have an obstructive 
influence on system response, such as the load effect. The Servos are used for precision positioning, because of 
their high reliabilities, flexibilities and low costs, DC servo motors are widely used in industrial applications, 
robot manipulators and home appliances, also they are used in robotic arms and legs, sensor scanners and in RC 
toys like RC helicopter, airplanes and cars. Where speed and position control of motor is required [2]. The DC 
servo motor transfer function can be in the following form: 
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The closed-loop transfer function is: 
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From the experiments, the resulting transfer function for servo motor is found to be: 
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The proportional – integral – derivative (PID) controller operates the majority of the control system in the 
world [10]. It has been reported that more than 95% of the controllers in the industrial process control 
applications are of PID type as no other controller match the simplicity, clear functionality, applicability and 
ease of use offered by the PID controller [5]. The PID controller is used for a wide range of problems like motor 
drives, automotive, flight control, instrumentation. PID controllers provide robust and reliable performance for 
most systems if the PID parameters are tuned properly [6]. A PID controller is described by the following 
transfer function in the continuous s-domain: 
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Fig. 1 shows the simulink model of the PID controller and the plant (servo motor) with unity feedback. 
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Fig. 1. PID controller system 

 
Fig. 2-a, shows the output signal of the system designed. The final values for the PID controller gains 

after tuning are determined to bekp = 10, Ki= 1, and Kd = 1.21 for T = 0.01 sec. As we see that the output has an 
overshoot and undershoot ripple of 10% but steady state error equal to zero. Let us now use the PI controller and 
decrease the controller gain Kd and Kp to minimum as possible for the desired response. By adjusting the 
controller gain Kd=0 and the Ki= 0.864 then the output will be as shown in Fig.2-b 

 
(a)                                                                                           (b) 

 
 

Fig. 2 .Output response for(a) PID controller (b) PI controller 
 
The field of Fuzzy control has been making rapid progress in recent years [7]. Fuzzy logic control has 

been widely exploited for nonlinear, high order & time delay system [4]. Simulink model of the fuzzy controller 
and the considered process with unity feedback is shown in Fig. 3. For a two input fuzzy controller usually of ( 
3, 5, 7, 9 and 11) membership functions for each input are mostly used [9]. In this paper, only two fuzzy 
membership functions are used for the two inputs error (e) and derivative of error (e*) as shown in Fig. 4-a. The 
fuzzy membership functions for the output parameter are shown in Fig.4-b, where (N) means Negative, (Z) 
means Zero and (P) means Positive. Depending upon whether the output is increasing or decreasing, 4 rules were 
conducted for the fuzzy logic controller (Table 1), where the sign of the output takes the sign of  the error 
(e).These four linguistic rules are sufficient to cover all possible situations. The output response of the system is 
given in Fig. 5. 

 

 
Fig. 3. Fuzzy logic controller scheme 
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a)                                                                            b) 

 
Fig.4. Input membership function (a), output membership function (b) 

 
Table 1 – The rules for the designed fuzzy logic controller 
 

                                             e* 
e 
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Fig. 5. Fuzzy logic controller output               Fig. 6. Output signals for PI, PID and Fuzzy logic controller 
 
The performance time domain specifications are now calculated by observing Fig. 6. These are compared 

and tabulated as shown in the Table 2. 
 

Table 2 – Comparison between the three controllers 

Performance parameters Controller used 
Overshoot Mp(%) Settling time Ts(sec) Rising time Tr(sec) Steady state error Ess(%) 

PID 10 2 0.1 7 
PI 0 3.6 1.7 0 

Fuzzy logic 
controller 

0 1.8 0.8 0 

 
The paper presented an overview of PI, PID and fuzzy logic controller using MATLAB / SIMULINK. 
Fine-tuned PID controller gives high overshoot and settling time with 7% steady state error. 
Fine-tuned PI controller gives high settling time with zero overshoot and steady state error. 
The Fuzzy Logic controller gives no overshoot, zero steady state error and smaller settling time than 

obtained using with tuned PI, PID controllers. 
The simulation results confirms that the proposed Fuzzy logic controller with simple design approach and 

smaller rule base can provide better performance comparing with the tuned PI and PID controllers. 
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The use of periodic pulse reverse current allows to form tin-bismuth electroplated coatings, with high value of 
term storage stable solderability. The reseach results of the influence of nonstationary electrolysis on solderability of the 
Sn-Bi alloy coatings have been demonstrated. The appropriate conditions for obtaining high-quality lead-free coatings 
with high solderability have been found. The best mode is ikav = 1.0 A/dm2, τforw: τrever = 4:1, f= 0.1…1 Hz. 

 
Among the special electrochemical coatings with high quality and reliability of solder joints in electronic equipment, Sn-

coatings are especially pointed out. However, pure Sn tends to spontaneously phase transformation at low temperatures and 
during prolonged operation. Numerous bath compositions for formation of Sn-based alloys are developed in order to eliminate 
this phenomenon. Zinc, nickel, antimony, silver, copper, and bismuth are used as alloying components in those baths. 

Most economical and promising for conditions of mass production of microelectronics are Sn-Bi, Sn-Sb, 
Ag-Sn alloys [1]. 

However, existing processes for the formation of deposited by DC Sn-based coatings are inefficient (0,1-
0,12 m / h), and don’t provide the desired solderability that decreases after three months of storage as a result of 
high value of porosity and low texturing of the coating. 

One way of solving this problem is the use of nonstationary electrolysis. As electrocrystallization current 
is one of the main factors determining the electrochemical and structural conditions for the cementation, so it can 
widely control quality of the coatings by changing current according to certain laws. 

Using periodic pulse reverse (PPR) current electroplating leads to changing of ordinary way of crystals 
formation, their growth and properties of coating. 

PPR current is sequentially alternating cathodic and anodic processes on one electrode. Periodic dissolving the 
most active portions of the cathode (usually protrusions) tends to equalize the surface, makes it more uniform. In this 
case, number of lattice defects, porosity, and content of impurities in the precipitate are reduced [2]. 

Based on the above mentioned using nonstationary electrolysis for deposition Sn-Bi-coating is current 
and advanced affairs. 

The influence of nonstationary electrolysis was tested on the Sn-Bi-coating. Plating solution contained 
SnSO4 (50 g/l), Bi(NO3)3 (1.4 g/l), H2SO4 (125 g/l), neonol AF-9-10 (4 g/l), additive CCN-32 (2g/l), which was 
manufactured by research and production association «SEM.M». Coatings were plated at room temperature. 


