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CHAPTER II  

LITERATURE REVIEW 

2.1 Solar Geometry 

The earth always revolves around the sun and has a daily rotation on its own 

polar axis, it is important for any solar panel system to mathematically specify or 

optically determine the location/position of the sun. For example it can be done by 

calculating the sun vector altitude and azimuth angles or by using an optical sensor 

to optically measure the sun angles position [5]. Moreover the starting point of sun 

rise every day is shifting from south to north in very small change, it can be 

calculated every 6 months it has average of angular changes until 47˚. Figure 2.1 

below shows the azimuth & elevation position and shifting rises position. 

  
www.timeanddate.com  www.researchgate.net  

(a) (b) 

Figure 2.1 (a) Azimuth & Elevation of Sun (b) Changing Angle of Rising Sun 

2.2 DC Motor 

The solar panel system consists of two DC motors as the actuatuor for each 

axes. In this section the design of controller to control the motor load angle is 

proposed. Then the DC motor will be controlled by the duty cycle of PWM signal 

from the controller. The DC motor will be applied as the servo motor by adding the 

encoder as the position sensor. The encoder will be feedback path in the servo motor 

controller. So the accuracy of encoder and stability of DC motor will affect the 

result. Wiper motor is selected because has high torque, this motor is applied as 

azimuth actuator. While the faulhaber motor will apply as elevation actuator. Both 

wiper motor and faulhaber motor used are geared DC motor. 

http://www.timeanddate.com/
http://www.researchgate.net/
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(a) (b) 

Figure 2.2 (a) Wiper Motor (b) Faulhaber Motor 

2.3 Encoder 

Encoder is a speed or position sensor that generates an electrical signal to 

the rotational position change. Encoder is the transducer that convert the 

mechanical signals into electrical signals where the output is obtained by reading 

the pattern code on the rotating disk. The classification of encoder is shown in 

Figure 2.3 below. 
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Figure 2.3 Classification of Encoder 

Optical Encoder 

The optical encoder is an encoder without using the mechanical contacts 

(non-contact class). This method is developed to eliminate the wear problems which 

often occurs in the encoder with contacts. The optical encoder can provide higher 

resolution, accurate encoding and can be operated at the high speed efficiently. 

 
www.anaheimautomation.com  

Figure 2.4 Component of The Optical Encoder 
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Incremental Encoder 

The incremental encoder will generate the binary pulses that are 

proportional to the shaft rotation (for rotary encoder) or the distance traveled (for 

linear encoder). In an optical grade of encoder, the disks (patterned) or linear strips 

which pass between the LED and the photosensor. This process will pass then block 

the beam from the LED alternately and continuously as long as encoder moves to 

generate the pulse signal. Although they are simple, robust, and economical, single 

channel incremental encoders have an important limitation, that is can’t be used to 

determine direction of motion. This method is generally designed using 2 

photosensors to produce the pulse signal output in 2 output channels which has 90˚ 

phase difference. Figure 2.5 shows the incremental encoder disk illustration. 

 
www.motioncontroltips.com  

Figure 2.5 Incremental Encoder Disk 

The amount of pulse rate generated by the incremental encoder will 

determine the accuracy of the measurable angle. The type of encoder used is 

2342L012CR (for faulhaber encoder) and E50S8-3600-3-N-24 (for autonics 

encoder). The angle measurement will be more accurate with the increasing number 

of pulses. As an example the autonics encoder has 3600 pulses per rotation (ppr), 

so the accuracy of the obtained angle reaches 360˚/3600 = 0.1˚ per pulse. Figure 2.6 

shows the physical faulhaber and autonics encoder. 

  
www.robotistan.com   www.amazon.com  

(a) (b) 

Figure 2.6 (a) Faulhaber Encoder (b) Autonics Encoder 

http://www.motioncontroltips.com/
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Table 2.1 Faulhaber Encoder 2342L012CR Series Specifications 

Category Specification 

Pulse per revolution 16 pulse 

Maximum frequency 7 kHz 

Output signal (square wave) 2 channels 

Range of input voltage 4 - 18 volt 

Typical current consumption 6 - 12 mA 

Maximum current output 15 mA 

Phase shift each channel (A to B) 90 ± 45 ˚e 

Maximum rise/fall time (Cload=100pF) 2,5 / 0,3 µs 

Inertia of sensor magnet 0,11 gcm² 

Operating temperature range -25 - +85 ˚C 

The specifications of the encoders used are shown in Table 2.1 above for 

faulhaber encoder. While for the autonics encoder specifications are detailed in 

Table 2.2 below. 

Table 2.2 Autonics Encoder E50S8-3600-3-N-24 Series Specifications 

Category Specification 

Pattern type Incremental pattern 

Shaft diameter type 50 mm 

Pulse per revolution 3600 pulse 

Output phase channels A, B, and Z 

Control output type NPN transistor 

Supply voltage range 12-24 VDC ±5% 

Connection method Wired 

2.4 Web Camera 

Camera has an important role as the initial setpoint for controller to give 

error value of sun position in its frame. The camera with image processing can be 

used to control optical sun tracking or help the errors compensation process at the 

azimuth and elevation angles to the panel surface. With optical setpoint means the 

control system can ensure that there are any tracking errors due to wind effect, back 

reaction and mechanical mismatch, accumulation errors, or other interference to the 

solar panel system [5]. Figure 2.7 shows the camera used up to 1024x768 pixel. 

The object detection results from the image processing can be used as the 

setpoints in open loop control mode. Image processing can not be used in closed-

loop control mode because the object detection process requires time delay, so it is 
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less compatible as a feedback path system for the controller. Therefore the camera 

and image processing is only used as the initial setpoint for the closed loop control. 

 
www.logitech.com   

Figure 2.7 Logitech C170 Webcam 

2.5 Motor Driver 

VNH2SP30 is a H-Bridge shield or motor driver that serves to control 2 

units of DC motor or 1 bipolar stepper with continuous current capability up to 14 

Ampere per channel and peak current up to 30 Ampere per channel. 

 
 

www.instructables.com  

(a) (b) 

Figure 2.8 (a) Physical VNH2SP30 (b) Pin Configuration 

Figure 2.8 (a) shows the physical image of VNH2SP30 while Figure (b) 

detailed the pin configuration. The specifications of VNH2SP30 are describes in 

Table 2.3 below. 

Table 2.3 Specification of Motor Driver VNH2SP30 

Category Specification 

Driver IC VNH2SP30 

Motor supply voltage 5.5 – 16 VDC 

Logic level voltage 5 V 

Peak drive current 30 A per-channel 

Max. PWM frequency 20 kHz 

Continuous drive current 5 A per-channel 

Features Thermal, under and overvoltage shutdown 

http://www.logitech.com/
http://www.instructables.com/
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Similary with VNH2SP30, L298 is a type of motor driver IC that can control 

the directional and speed of DC motor or stepper motor. L298 consist of logical 

transistors (TTL) with a nand gate which facilitates the direction of rotation DC and 

stepper motor. Can control for 2 DC motor but only 1 stepper motor. Capable output 

voltage is 50 volts. 

 
www.pinterest.com  

Figure 2.9 Physical and Pin Configuration of L298N 

Figure 2.9 shows the physical and pin configurations of L298N motor 

driver. Then the L298N specifications are described in Table 2.4 below. 

Table 2.4 Specification of Motor Driver L298N 

Category Specification 

Driver IC L298N 

Motor supply voltage 5 – 35 VDC 

Logic level voltage 5 – 7 V 

Logical working current 0 ~ 36 mA 

Peak drive current 2 A 

Maximum power consumption 20 W 

Storage temperature -25˚ ~ 130˚ C 

Voltage range supply Low Level: －0.3≤Vin≤1.5V 

High Level: 2.3V≤Vin≤Vss 

2.6 NI MyRIO 1900 

MyRIO is a hardware where users can manipulate it’s functions to create 

various complex systems because there are many features included. It uses ARM 

processor which is also an FPGA processor and uses LabVIEW as IDE (Integrated 

Development Environment) that has facilities in software development program. 

LabVIEW is used to create an applications to run various hardware and features in 

http://www.pinterest.com/
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My-RIO. There are some common pheriperals that can be used like bluetooth, wifi, 

LED, accelerometer, push button, analog input and output, RAM.  

 
www.ni.com  

Figure 2.10 MyRIO 1900 of National Instrument Product 

 

 

www.ni.com   

(a) (b) 

Figure 2.11 (a) MXP Connector MyRIO  (b) MSP Connector MyRIO 

Figure 2.10 shows the physical of MyRIO 1900 while Figure 2.11 above 

shows the pins of each connector in MyRIO 1900. The specifications of MyRIO 

1900 are described in Table 2.5 below. 

Table 2.5 Specification of NI MyRIO 1900 

Category Specification 

FPGA processor Xilinx Z-7010 

Processor speed 667 MHz core 2 

Memory DDR3 512 MB 16 bit 

Frequency and channel width 2.4 GHz and 20 MHz 

Analog & digital output Available 

Accelerometer 3 Axis 

Communication USB, wireless 

Power output +5 V: output range 4.75 ~ 5.25 V 

+3.3 V: output range 3.0 ~ 3.6 V 

http://www.ni.com/
http://www.ni.com/
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2.7 LabVIEW 

LabVIEW is an abbreviation of Laboratory Virtual Instrumentation 

Engineering Workbench (from National Instruments), it’s a graphical based 

programming language which each subprogram structure and it’s program is 

represented by certain icons. All programming is done graphically by drawing a 

connector line between the conntection points in various icons. The result of image 

shows the process of data flow [3]. The LabVIEW used is LabVIEW Home & 

Student Edition 2016 bundle for MyRIO 1900. Figure 2.12 shows the logo of 

LabVIEW 2016. 

 

Figure 2.12 LabView 2016 Bundle for MyRIO Logo 

2.8 NI Vision Assistant 

NI Vision Assistant is a supporting application of National Instruments to 

design and test prototype of image processing program. The programming 

algorithm is required as a first step in preparing Vision Assistant scripting to create 

an image processing program. The scripting feature will record every step of the 

processing algorithm. Figure 2.13 below shows the logo of NI Vision Assistant 

2016 application. 

 

Figure 2.13 NI Vision Assistant 2016 Logo 

2.9 Image Processing 

Machine vision algorithms provide the ability to locate objects of known 

characteristics to within tenths or hundredths of a pixel. The use of a web camera 

system to augment or fine-tune the positioning of the solar dish during continuous 

sun tracking was presented by Arturo & Alejandro [7]. Figure 2.14 is taken from 

their research which determines the solar concentrator orientation using image 

processing to determine the coordinates of sun centroid on a binary image. 

Figure 2.14 (a) shows a snapshot real-time pre-binarization image of the sun 

taken by the web camera, while Figure 2.14 (b) shows the converted binary image 

processed to compute the centroid position of the sun on the snapshot image, 
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determining the sun vector SQ(γs, θs) according to the principles used by Arturo & 

Alejandro. After find the binary image, the processor calculate the center of sun 

position. It was represented by black spot in the middle of circle sun image, then 

the location of the spot was compared to 0,0 (x & y value). The positive or negatif 

value will give different command to the controller.  

 
(a) (b) 

Figure 2.14 (a) Pre-binarization Image (b) Centroid on a Binary Image 

Combination of camera and telescope by Cheng Dar Lee, has accurate result 

of sun tracker sensor. The accuracy can reach 0.0017˚/pixel for Logitech camera 

(the resolution is 2304x1536) with 15x telescope magnification. With other lower 

pixel camera that the resolution is 640x480 (WEICHU WA-306) can reach 

0.004˚/pixel with 15x magnification [8]. From this result, we can estimate without 

magnification the accuracy can reach 0.0255˚/pixel for higher resolution and 

0.06˚/pixel for lower resolution camera. 

There are some steps of image processing which is done by Sohag et al. [11] 

as follows: 

 Gray scale conversion and filtering 

The captured image is consist of the bright sun and blue sky, image 

processing extracts the luminescence from the RGB plane to get the grayscale 

image. The gaussian filter is used for the noise reduction of the image. 

 Sun detection 

Binary thresholding technique is applied to find the bright sun spot. Due to 

having cloud around the sun, some smaller objects are detected in the image. Those 

smaller object will be removed and the largest contours regarded as the sun location 

as the main object. 
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 Sun tracking and coordinate estimation 

The coordinates of the sun are estimated by using centroid formula for 

irregular objects. Then sun coordinates in x and y value is compared with the image 

center coordinates as shown below.  

Sun centroid is detected

640

48
0

The origin coordinates
in pixel position

 

O (x0,y0-y1 )

O  (x0-x1,y0)O (x0,y0) 
X axis

Y axis

 

(a) (b) 

Figure 2.15 (a) Detected Sun Centroid in Frame (b) Sun Coordinate Tracking 

Figure 2.15 (a) illustrates detectioning pixels of sun centroid position to the 

origin, while the steps of tracking illustrated by Figure 215 (b). If the origin O (x0,y0) 

shifted at O” (x1,y1), where the process is starting from horizontal panel moving to 

shift the x sun position in frame. The azimuth motor will be moved (by rotating) 

from O to O’. At the same time, the vertical panel is moving to shift y sun position 

in frame. The elevation actuator  will be moved (by rotating) from O’ to O” point. 

2.10 Sliding Mode Controller 

The main advantage of SMC is does not require disturbance waveform 

characteristics because SMC eliminates interference noise that is not modeled 

because it is unknown or undefined. The nonlinearity of DC motor is controlled 

robustly using discontinuous switching principle. To eliminate nonlinearities, a 

sliding surface is determined to force system response to slide along the reference 

path based on the applied switching principle [15]. 

The first step of the SMC is to determine selected sliding surface as the 

reference of system response to match the change of reference value each time. So 

the error value to reference and its derivative (on time) is always zero. The response 

signal will initially lead to reference value, then once the reference value is reached 

means that the sliding surface has reached a stable or constant value. To defend the 
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stable response, the error value e(t) must be zero at any time until it reaches the 

specified final value [16]. 

2.11 Proportional Integral Derivative Controller 

PID controller is one of most popular control algorithm in linear and 

nonlinear control systems because it can be used to control large class of systems. 

PID controller has many advantages to system response such as rise time, 

overshoot, and steady state. Block diagram of PID controller is shown in Figure 

2.16 below. 

Figure 2.16 PID Block Diagram 

Proportional controller will speed up the rise time, but the higher value of 

Kp will cause oscillation in response signal to reach setpoint value. Integral 

controller has advantages to speed up the error steady state oscillation in 

Proportional controller to find the setpoint faster. Derivative is proportional to the 

rate of change of error, it will predict system behavior and then improve system 

response time and stability. The formulation of PID controller is shown below: 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖∫ 𝑒(𝜏)𝑑𝜏 + 𝐾𝑑
𝑑𝑒(𝑡)

𝑑𝑡

𝑡

0

(2.1) 

The variable description is describes as follows. 

Kp : Proportional gain Ysp : Setpoint 

Ki : Integral gain Ym : Process variable 

Kd : Derivative gain t : Time 

e : Error Ysp - Ym 𝜏 : Integration Variable 


