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Abstract 

 

The main aspects of programming for an Orientable Solar Panel System–OSPS 

prototype are summarized. The prototype has both elevation and azimuth motions. 

Two photo-resistors that are separated by a wall are used to evaluate the 

perpendicularity of the light ray incidence. Signals are sent to an Arduino 

microcontroller, where data are compared against light threshold values. The 

servomotor is then ordered to turn until the light ray intensity (bit number) on 

each photo-resistor has reached the same value. Two sensors, each one with two 

photo-resistors, were used in the OSPS lab model. Programming required a main 

program and three routines: turning sense, elevation motion and azimuth motion. 

Extreme light intensities (thresholds) for the sensors were established by exposing 

them to different light types and incidence angles. Satisfactory response of the 

prototype motion for both elevation and azimuth motions was observed. 
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1 Introduction 
 

Orientable Solar Panel Systems–OSPS are mechanical devices combined with 

sensors, actuators and a processing unit to maintain the solar panel perpendicular 

to the incidence sunrays. Electric generation output has been proved greater in 
Orientable Solar Panel Systems-OSPS with perpendicular incidence of the sun rays to 
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the panel surface. Reported studies between fixed and OSPS with both azimuth 

and elevation motion capability suggest that OSPS are 20% to 40% more efficient 

[1-4]. Figure 1 shows the two motions, elevation and azimuth, that an OSPS must 

be able of describing. An increase in panel efficiency of up to 90% with respect to 

the efficiency with no tracking was reported in [5]. Its tracking algorithm used 

peak power tracking based on the topology of continuous pulses with maximum 

power extraction by constantly monitoring voltage and current values. Also for a 

two degrees of freedom OSPS, it was proposed a conceptual design by Chniba et 

al. [6]. They suggested photo-resistors to detect the position and presence of 

sunlight with a 16F877A microcontroller to control two motors. However, 

Tudorache and Kreindler [7] actually implemented two light sensors to determine 

the direction of the motion that would orient the platform by two DC motors 

commanded with a drive unit IBL2403 [8]. Rizk and Chaiko reported in [9] the 

integration of a light sensor with a step-by-step motor. The prototype built in [9] 

was tested only for one axis of motion; it was not able to reach all the positions of 

the motion range due to the actuator operation principle. Separately, Eslava and 

Olaya developed a fuzzy logic automated system for sun rays tracking, but only 

for one single axis [10]. 

 

 

 

Figure 1. Azimuth and elevation motions of a photovoltaic-PV panel in an OSPS 

 

 

Considering that OSPS components, especially light sensors, will be directly 

exposed to the environment, it is then justified the development of low cost 

sensors, since a periodical replacement of the sensors would become necessary. In 

this paper, it is reported the implementation of light tracking algorithm of an 

OSPS lab scale model. A prototype of an OSPS for both azimuth and elevation 

motion is equipped with two low cost Light Depending Resistor-LDR [11] or light 

changing resistance. The prototype is an active follower that it is activated 

depending only on the sensors’ signals. The sensors were arranged to allow 

comparison of the intensity of light along each axis of motion. The movement is 

achieved through two servomotors commanded with an Arduino UNO 

microcontroller. The light thresholds were stipulated for the purpose of calibrating 

the light sensors, thus allowing the comparison of light intensities in the sensors. 
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2 Materials and Methods 
 

2.1. Prototype Description 

Figure 2.A shows a simplified diagram of the prototype. It consists of light 

sensors arranged in the solar cell with actuators. Figure 2.B shows a CAD scheme 

of the system and Figure 2.C presents the final prototype. The main components 

are: light sensors, servomotors (actuators), wiring and electronic components, and 

structural and fastening elements. Two TowerPro SG-5010 servomotors [12] were 

used to execute the azimuth and elevation motions, with 360° and 180° motion 

ranges, respectively. As for the light sensors, a photo-resistor element that works 

as a variable resistance is integrated. It decreases its resistance value when 

perceiving an increase in light intensity. 

 

 
 

Figure 2. Prototype description 

Figure 3.A shows a photo-resistance in accordance with the resistors R1, R2, R3, 

and R4 of Figure 3.A circuit. A LED indicator lets appreciating the changes in the 

resistance of the photo-resistor element. The output voltage, VO1 and VO2, for 

sensors 1 and 2 are given in (1), where RLDR1D and RLDRD2 are the photo-resistors 

and VCC is the input continuous voltage. The circuits are integrated to the physical 

sensor with a divider plate, Figure 4.A. The plate allows evaluating the 

perpendicularity of the light rays that affect the LDR circuit. If one of the two 

photo-resistive elements is exposed to shadow, Figure 4.B, the sensor signals will 

be different. Both sensors must generate the same signal to establish the 

perpendicularity of the cell with the light rays, Figure 4.C. Two sensors were 

built, one for elevation motion (Sensor 1 in Figure 2.C), and another one for 

azimuth motion (Sensor 2 in Figure 2.C). 

 

𝑉𝑂1 =
𝑅𝐿𝐷𝑅1𝐷

𝑅𝐿𝐷𝑅1𝐷+𝑅3
𝑉𝐶𝐶,  𝑉𝑂2 =

𝑅𝐿𝐷𝑅𝐷2

𝑅𝐿𝐷𝑅𝐷2+𝑅4
𝑉𝐶𝐶   (1) 

 

2.1 Sensors Programming 

The programming was structured to achieve the azimuth and elevation motions 
with adequate interaction of sensors with servomotors. For the azimuth movement, 
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for example, two main functions are defined: one to determine the direction of 

rotation, and another for the motion itself. For the first function, the photo-

resistors signals are compared to determine which of them lies outside the light 

threshold, see algorithm in Figure 6.A, and determine the motion sense. A pulse is 

sent to the servomotor to turn it in a certain direction. As the mobile structure 

rotates, the sensors’ signals are read and the light intensities are compared. The 

motion occurs until the reading of these sensors is below the threshold of 

maximum incidence of light. Figure 6.B shows the sequence of the "Azimuth 

rotation" function. Due to construction limitations of the prototype, two values 

were established that determine the range of rotation for the elevation motion of 

the prototype. The minimum angle is set at 10° and the maximum angle is 170°, 

resulting in a range of 160° to track the sun by altitude change. The flow diagram 

of the algorithm for this movement is shown in Figure 6.C. 

 

 
 

Figure 3. Light dependent resistor-LDR scheme 

 

 

 
 

Figure 4. LDR sensors disposition 
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3 Results: Determination of Light Thresholds 
 

The lack of a pattern to establish the light intensity of the environment that can be 

used to calibrate the built sensor lead to exposing the sensors’ photo-resistors to 

three different light sources: a LED type bulb, a regular light bulb and the ambient 

light. The voltage values of the sensors are correlated, between 2 and 5 V, then 

sent to the digital analog converter of the microcontroller to the range 0000 to 

1024 bits. Preliminary tests consisted of exposing each sensor to three different 

types of illumination while varying the orientation of the light source: 90° 

incidence angle, an intermediate angle, and exposure of almost no intensity with 

an incidence angle of 180°. Table 1 presents the results for the two photo-resistors 

of the azimuth sensor, sensor 2 in Figure 2.C, with a 90° variation in the 

orientation of the incident light. 

 

 
 

Figure 5. Prototype diagram 

 

 
 

Figure 6. Main routines for rotation and turn sense 

 

Figure 7.A shows the schematic arrangement of the two photo-resistors LDR1 and 

LDR2 and Figure 7.B illustrates the tests. From Table 1, the limits of thresholds 

for the azimuth sensor are obtained. A similar table is created for the same sensor  
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with light exposures every 180°. Then, the same tables are generated for the 

elevation sensor. Limit or threshold values are used to set the intervals, as 

presented in Figure 8.A and 8.B for the azimuth and altitude sensors, respectively. 

These intervals can be used for outdoors testing and determine the motion along 

the day for an OSPS. The limit values (thresholds) are included into the Arduino 

code for comparison during the OSPS operation.  

 

 

Table 1. Preliminary tests of the bit number for the azimuth sensor with light 

exposure at 90° difference. 

 

LED Regular light bulb Ambient light 

LDR1 LDR2 dif LDR1 LDR2 dif LDR1 LDR2 dif 
190 290 100 50 80 30 40 70 30 

180 278 98 29 69 40 19 59 40 

182 276 94 40 64 24 30 54 24 

181 278 97 39 68 29 29 58 29 

179 278 99 44 64 20 34 54 20 

180 275 95 40 64 24 30 54 24 

181 278 97 39 62 23 29 52 23 

180 278 98 39 60 21 29 50 21 

182 277 95 37 59 22 27 49 22 

181 277 96 37 55 18 27 45 18 

181 280 99 33 54 21 23 44 21 

182 277 95 34 53 19 24 43 19 

182 278 96 35 52 17 25 42 17 

181 276 95 34 57 23 24 47 23 

180 275 95 40 55 15 30 45 15 

 

 

 

 
A. LDR photo-resistances disposition 
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Figure 8. Sensors’ light thresholds 

 

4 Conclusions 
 

It was presented the sensors programming of a two degrees-of-freedom azimuth 

and altitude OSPS prototype comprised by an Arduino microcontroller, two 

servomotors, and two light sensors. The built light sensors were based on the 

voltage division principle that allows the shadow perception by one (or both) 

photo-resistors. The sensors emit the change in voltage that is perceived, and 

according to the algorithm, it is executed the comparison and decision making to 

send the commands to the servomotors, thus achieving the task of tracking the 

change in light intensity. Before being integrated into the prototype, arbitrary 

thresholds and saturation values of the sensors were found by exposing each 

sensor to light intensity (LED: regular light bulb, and ambient light) at different 

inclination angles of incidence. Later, the sensors were integrated into the tracker 

prototype and new light thresholds were established for the sensors. These values 

will be used by the microcontroller to assess the perpendicularity of the solar 

panel to the light rays. Before the lack of a lux meter instrument, the used method 

was an alternative for setting limits and values for sensor equations. To obtain 

better results when tracking the light rays using LDR sensors, a calibration 

process is recommended that follows the steps described according to the work 

environment. Later, they must be compared against a lux meter instrument to 

obtain a sensor equation associated with an uncertainty, the result of a calibration. 
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