MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
ICT, Electronics, Programming

UDC 629.735.33

DESIGN A CONTROL SYSTEM FOR THE MOVEMENTS
OF CAMERA IN UNMANNED AERIAL VEHICLES (UAV)

MOHAMMAD AL-MASHHADANI, ALEXANDER LOBATY
Belarusian National Technical University, Belarus

This paper describes three controllers designectifipelly for adjusting camera’s position in a srhal
unmanned aerial vehicle (UAV). The PID, Pl contddl were displayed firstly and simulated and theuhs
displayed graphically using MATLAB technique, then displayed the fuzzy logic controller(FLC) andvis
simulated .The goal of this paper is to make a @ipn between the three controllers for the dekire
performance.

Unmanned Aerial Vehicles (UAVs) have been providétth video cameras for feeding video and images
back to the ground control statiomdost of the UAV, use the servo motors for the movements in botharal
pitch. The camera in the UAV is connected to thel-dxis (roll and pitch mechanism), the rotatiopasition is
controlled by a tow motors (servo motors or DC mejtgosition control and feedback circuits. Roloerand
pitch error signals obtained from gyro systemshm WAV are subtractive combined with roll and pitadsition
signals, to generated control signals to be appliedtate the camera in a way that compensatethéoroll and
pitch movements of the UAV, and effectively isokathe camera from roll and pitch movements of tide/U
and the camera will provide a good photo or vidéhout loss in information [1].

DC-servomotor is one of the most widely used prmmvers in industry today. Generally speaking the
DC servomotor System is low order (no more 2nd cdoBler) and presents no particular design or
implementation difficulties. However, the systemedocontain nonlinearities which have an obstructive
influence on system response, such as the loadteffee Servos are used for precision positioneg:ause of
their high reliabilities, flexibilities and low ctss DC servo motors are widely used in industrigblizations,
robot manipulators and home appliances, also theyised in robotic arms and legs, sensor scanndrsnaRC
toys like RC helicopter, airplanes and catthere speed and position control of motor is negili{2]. The DC
servo motor transfer function can be in the follogvform:

2
D)
G p(S) = 7n2 (1)
s(s+2¢ )
The closed-loop transfer function is:
2
() =l? p(s()s) . W 2
Gp® s*+2ts+w;
From the experiments, the resulting transfer funmcfor servo motor is found to be:
T(s)= 17.64 (3)

g2+4.36% + 17.64

The proportional — integral — derivative (PID) calier operates the majority of the control sysiarthe
world [10]. It has been reported that more than 98#the controllers in the industrial process cohtr
applications are of PID type as no other contrafiextch the simplicity, clear functionality, applxéty and
ease of use offered by the PID controller [5]. B controller is used for a wide range of probldikes motor
drives, automotive, flight control, instrumentatidD controllers provide robust and reliable parfance for
most systems if the PID parameters are tuned psop@r A PID controller is described by the follawg
transfer function in the continuous s-domain:

Go@=K pi

+Kd*S (4)

Fig. 1 shows the simulink model of the PID cont&pknd 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 systemigdesl. The final values for the PID controller gain
after tuning are determined to Bek10, K= 1, and k= 1.21 for T = 0.01 sec. As we see that the outpstan
overshoot and undershoot ripple of 10% but stegate ®rror equal to zero. Let us now use the Pirober and
decrease the controller gain Kd and Kp to minimwsnpassible for the desired response. By adjustieg t
controller gain Kd=0 and the Ki= 0.864 then thepamitwill be as shown in Fig.2-b

(a) (b)
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Fig. 2 .Output response for(a) PID controller (bxéntroller

The field of Fuzzy control has been making rapidgpess in recent years [7]. Fuzzy logic control has
been widely exploited for nonlinear, high orderifa¢ delay system [4]. Simulink model of the fuzontroller
and the considered process with unity feedbackasva in Fig. 3. For a two input fuzzy controlleruadly of (

3, 5, 7, 9 and 11) membership functions for eagiutirare mostly used [9]. In this paper, only twazy
membership functions are used for the two inputsrée) and derivative of error (e*) as shown ig.H-a. The
fuzzy membership functions for the output paramet@r shown in Fig.4-b, where (N) means Negative, (Z
means Zero and (P) means Positive. Depending upether the output is increasing or decreasingles nwere
conducted for the fuzzy logic controller (Table ®here the sign of the output takes the sign oé dlror
(e).These four linguistic rules are sufficient tver all possible situations. The output resporigesystem is
given in Fig. 5.
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Fig. 3. Fuzzy logic controller scheme

121



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE

2014

ICT, Electronics, Programming

Membership function pla  plat

181

FIS Variables

e outputl
| 0.
L -

-
u

input variable "&"

<=L

=

FIS Variables

(O

e outpul!

gt

Membership function plo  plot

181

Z

p

b d

-1

0 1

output variable "output1”

a)

b)

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

Table 1 — The rules for the designed fuzzy logiataaler

e*

0|2

N|Z2

Fig. 5. Fuzzy logic controller output

Fig. 6. Output signals for PI, PID and Fuzzy logimtroller

The performance time domain specifications are calulated by observing Fig. 6. These are compared

and tabulated as shown in the Table 2.

Table 2 — Comparison between the three controllers

Controller used

Performance parameters

Overshoot Mp(%) Settling time Ts(sec) Rising timéséc) | Steady state error Ess(%o)
PID 10 2 0.1 7
PI 0 3.6 1.7 0
Fuzzy logic| O 1.8 0.8 0
controller

The paper presented an overview of Pl, PID andyflzgic controller using MATLAB / SIMULINK.
Fine-tuned PID controller gives high overshoot aattling time with 7% steady state error.
Fine-tuned PI controller gives high settling timghazero overshoot and steady state error.
The Fuzzy Logic controller gives no overshoot, zemady state error and smaller settling time than
obtained using with tuned PI, PID controllers.
The simulation results confirms that the proposezzly logic controller with simple design approacid a
smaller rule base can provide better performanogpening with the tuned Pl and PID controllers.
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USING NONSTATIONARY ELECTROLYSISFOR FORMATION SN-BI COATINGS

VIKTORYIA BRANTSEVITCH, ALEXANDER KHMYL
Belarusian State University of Informatics and Radioelectronics, Belarus

The use of periodic pulse reverse current allowftm tin-bismuth electroplated coatings, with higilue of
term storage stable solderability. The reseachligsi the influence of nonstationary electrolysissolderability of the
Sn-Bi alloy coatings have been demonstrated. Theoppate conditions for obtaining high-quality dree coatings
with high solderability have been found. The bestenis T,, = 1.0 A/dM, ziow: Trever= 4:1, = 0.1...1 Hz.

Among the special electrochemical coatings with bigality and reliability of solder joints in elemtic equipment, Sn-
coatings are especially pointed out. However, Suréends to spontaneously phase transformatianveeimperatures and
during prolonged operation. Numerous bath composifor formation of Sn-based alloys are develapedder to eliminate
this phenomenon. Zinc, nickel, antimony, silveppy, and bismuth are used as alloying compoimettisse baths.

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

However, existing processes for the formation qfadited by DC Sn-based coatings are inefficierit-(0,
0,12 m/ h), and don’t provide the desired soldiditplthat decreases after three months of stosga result of
high value of porosity and low texturing of the ting.

One way of solving this problem is the use of natighary electrolysis. As electrocrystallizatiorreunt
is one of the main factors determining the eledtemical and structural conditions for the cemeatatso it can
widely control quality of the coatings by changimgrent according to certain laws.

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

PPR current is sequentially alternating cathodét amodic processes on one electrode. Periodicdisgthe
most active portions of the cathode (usually peidms) tends to equalize the surface, makes it sn@ferm. In this
case, number of lattice defects, porosity, andectrtf impurities in the precipitate are reducdd [2

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

The influence of nonstationary electrolysis wagetson the Sn-Bi-coating. Plating solution contdine
SnSQ (50 gfl), Bi(NGy);3 (1.4 gll), HSO, (125 g/l), neonol AF-9-10 (4 g/l), additive CCN-82g/l), which was
manufactured by research and production associaB&M.M». Coatings were plated at room temperature.
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