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application test condition (PTC) power of 280 W. The basic operating principle of the system 

is to measure the output voltage of the modules and use the measurements to command the 

controlling devices to align the PV modules perpendicular to the sun. One way to increase the 

efficiency of PV modules and to produce the maximum amount of energy, is to align it 

perpendicular to the light source (Allamehzadeh, 2016). A PV module tracking system using 

input voltages from a PV module was developed at the Islamic University of Science and 

Technology, India. The PV modules rotate to the position where the maximum power is 

absorbed (Zahoor and Sharief, 2017). 

Table 3.1. 310 W YL310P-35b polycrystalline module characteristics. 

Characteristics Value  

Rated power 310 W  

Peak efficiency 15.89% 

Tight positive power tolerance 0 W to +5 W 

Rated voltage 36.3 V 

Open circuit voltage 45.6 V 

Rated current 8.53 A 

Short circuit current 8.99 A 

Maximum series fuse 15 A 

Maximum system voltage 1000 V 

NOCT 46°C 

Length 1.970 mm 

Depth 50 mm 

Width  990 mm 

Weight 26.8 kg 

3.2.2 Logging interface  

Figure 3.3 shows the data logging interface circuit that is also used as the system load, which 

will be outlined in Section 3.2.5. A solar tracking system, using a data logging interface, was 

developed at the SEGi University, Malaysia, to record different variables that were present in 

a system to enable the user to make further improvements to the system (Chow and Abiera, 

2013). A logging interface circuit was also developed and used for power conditioning for 

optimum tilt angles for PV modules in a semi-arid region of the Southern Hemisphere (Hertzog 

and Swart, 2018). Voltage, current and temperature readings were limited to below 5 V in 

order to protect the analogue to digital converters on the Arduino Mega microcontroller. 

Voltage reduction was achieved by using a voltage divider circuit with resistors having a 1% 
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tolerance value. Current readings from that study were obtained by measuring the voltage 

across one of the resistors and then by applying Ohm’s law.  

A data logging interface circuit, using a voltage divider, was used in another study at the 

Central University of Technology (CUT), Bloemfontein, South Africa. This was done in order 

to validate the optimum tilt angle for PV modules in a semi-arid region of South Africa for the 

winter season (Hertzog and Swart, 2016b).  

A typical voltage divider consists of two or more resistors connected in series across a source 

voltage. As the source voltage is dropped in successive steps through the series resistors, 

any desired portion of the source voltage may be "tapped off" to supply individual voltage 

requirements (Kuphaldt, 2014).  

The voltage divider circuit provides signal conditioning, as the output voltage of the PV module 

(open circuit voltage = 45.6 V) is much higher than the allowed input voltage to the DAQ unit 

(this is limited to 10 V). Using the voltage divider rule in the data logging interface circuit 

enables the input voltage to the NI DAQ to be less than 10 V. Equation 3.1 shows how the 

voltage (10 V) limitation is achieved when considering an input voltage of 36.3 V: 

 Vout = Vin (
R1

RT
)        equation 3.1 

  = 36.3 (
1

4.28
) 

  = 8.48 V 

Where:  Vout = Voltage divider output to the DAQ system  

  Vin = PV module output voltage  

  R1 = System 1 Ω resistor where the voltmeter is connected across  

  RT = Total resistance of the circuit in series (R1 + R2 + R3 + R4 + R5 = 4.28 Ω) 

This DAQ is connected directly to a personal computer running the LABVIEW software where 

measurements are recorded and the control algorithms are implemented.  
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Figure 3.3. The data logging interface circuit. 

3.2.3 LabVIEW 

A PV module tracking system rotates automatically based on the sun’s irradiance during the 

day while remaining in sleep mode at night. This can be achieved by modelling the system 

utilising a software program such as MATLAB-Simulink (Chin et al.,2011). Siemens also 

developed a solar software library around a solution for a movable tracking system that 

precisely follows the course of the sun. However, the library and control solution are only for 

the Simatic S7-1200 programmable logic controller (PLC) processors that computes the 

alignment of the tracker on the basis of its exact location in the world, for any given time and 

date (Prinsloo, 2015). 

Data can also be measured and displayed simultaneously using the LabVIEW visual 

programming software. All values stored in a matrix can eventually be written to a text file for 

further analysis in MS Excel (Hertzog and Swart, 2018). LabVIEW has several key features, 

which make it a good choice in an automation environment (Hertzog and Swart, 2015b). It is 

easier to interface LabVIEW with real-world signals, analyse data for meaningful information 

and share results (Stamatescu, et al., 2014a) while also providing for accuracy (Instruments, 

2012). A number of research studies have been conducted on the operating parameters of PV 

modules under various environmental conditions, using computer-controlled energy 

monitoring systems built on the LabVIEW software (Swart, 2018).  
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to the left (negatively skewed distribution). For negatively skewed distribution, the mean is less 

than the median (Doyle, 2009). Data is distributed normally when the kurtosis and skewness 

are within ±1 (Prabhakar et al., 2019). In this case, the kurtosis value is -0,530 for both the 16° 

and the 26° fixed PV modules and -0.528 for the 36° fixed PV module and the skewness value 

is 0,231 for all the fixed modules, thereby suggesting a normal distribution with no unexpected 

or unwarranted results.  

Table 4.5. The fixed PV modules approximate normal descriptive statistics for six months.  

Descriptive statistics  16° 26° 36° 

Mean 994,093 960,668 898,097 

Standard Error 105,336 101,779 95,138 

Median 1021,455 987,660 924,040 

Standard Deviation 516,039 498,611 466,080 

Sample Variance 266295,904 248612,932 217230,339 

Kurtosis -0,530 -0,530 -0,528 

Skewness 0,231 0,231 0,231 

Range 1908,130 1843,680 1723,720 

Minimum 189,210 182,890 171,040 

Maximum 2097,340 2026,570 1894,760 

Sum 23858,220 23056,020 21554,310 

Count 24 24 24 

4.4 A comparison of the direct-tracking power with the simulated results 

4.4.1 Fuzzy logic results  

Figure 4.7 represents the sunny day (cloudless day) daily profile of the fixed system power 

(16°), the direct-tracking system power and the simulated power for fuzzy logic. The graph 

was drawn using data from Annexure D, which consists of the measurements for the fixed 

system power, the direct-tracking system power and the simulated power for the fuzzy logic. 

From the graph it is evident that both the empirical and simulated results behaved similarly 

from sunrise to sunset. However, the simulated power for fuzzy logic was better than the 

direct-tracking system power by 5.31%. The direct-tracking system power showed 32% 

improvement over the fixed system power. The fixed system power was less in the morning 

(06:00 am), growing gradually and becoming maximum from 10:30 am but decreasing 

gradually from 03:00 pm onwards.  
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Figure 4.7. The sunny day graph for fixed system power, direct-tracking system power and 

simulated power for fuzzy logic.  

Figure 4.8 represents the sunny day with a single cloud daily profile of the fixed system power 

(16°), the direct-tracking system power and the simulated power for fuzzy logic. The graph 

was drawn using data from Annexure E. The direct-tracking system power and the simulated 

power for fuzzy logic behaved similarly from sunrise to sunset. However, the simulated power 

for fuzzy logic was better than the direct-tracking system power by 3.7%. The direct-tracking 

system power showed 31% improvement over the fixed system power. It is evident from Figure 

4.8 that at 02:45 pm, there was a power dip due to a single cloud in the sky. It is essential to 

state that the fuzzy logic algorithm will continue with the main loop during a single cloud event 

and will not call the subroutine, which is listed as Table 3.4 in Chapter 3.  

Figure 4.9 represents the sunny day with multiple clouds (in the afternoon) daily profile of the 

fixed system power (16°), the direct-tracking system power and the simulated power for the 

fuzzy logic. The graph was drawn using data from Annexure F. Likewise, the empirical and 

simulated results behaved similarly from sunrise to sunset. The simulated power for fuzzy 

logic was better than the direct-tracking system power by 2%. The direct-tracking system 

power was 21.76% as compared to the fixed system power. It is essential to state that from 

02:45 pm, the fuzzy logic algorithm would enter the subroutine outlined in Table 3.4. The 

lookout angle would be 180°, which translates to an orientation and tilt angle of 0° making the 

PV module flat. More translations of the lookout angles can be found in Annexure D, E and F.  
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Figure 4.8. The sunny day graph with a single cloud for fixed system power, direct-tracking 

system power and simulated power for fuzzy logic.  

Figure 4.9. The sunny day with multiple clouds for fixed system power, direct-tracking 

system power and simulated power for fuzzy logic.  
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4.4.2 Linear regression results  

Figure 4.10 represents the sunny day daily power profile of the fixed system (16°), the 

empirical results of the direct-tracking system and the simulated linear regression algorithm. 

The graph was also drawn using data from Annexure D, which consists of the measurements 

for the fixed system power, the direct-tracking system power and the simulated power for the 

linear regression algorithm. From the graph, it is evident that both the direct-tracking system 

power and the simulated power for linear regression behaved similarly from sunrise to sunset. 

Nevertheless, the direct-tracking system power was better than the simulated power for linear 

regression by 2.24%. This was due to the fact that the direct-tracking system had the 

advantage of moving forward and backwards, while the linear regression algorithm only moved 

forward. The simulated power for linear regression demonstrated 30.97% improvement over 

the fixed system power. It is essential to mention that no weather condition (single or multiple 

clouds) was considered because the system was designed with no extreme weather 

conditions in mind. This indicates a key difference between the linear regression algorithm 

and fuzzy logic algorithm in the sense that the fuzzy logic algorithm can respond better to 

changing weather conditions as compared to the linear regression algorithm. 

 

Figure 4.10. The sunny day graph for fixed system power, direct-tracking system power and 

simulated power for linear regression. 
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4.4.3 Comparison of fuzzy logic and linear regression results  

Figure 4.11 depicts the daily profile for the simulated power for fuzzy logic and simulated 

power for linear regression. The difference in simulated power between the fuzzy logic and 

linear regression was 2.44%. The total power for the day produced by the best performing 

algorithm (fuzzy logic) was 36370.4 W, while the least performing algorithm (linear regression) 

produced 35484.5 W. The fuzzy logic algorithm development involved an automatic 

adjustment (increases) of the lookout angle by 1.9° between 6:15 am and 9 am and by 3° 

between 9 am and 10 am (please refer to Annexure B and Figure 3.10). The adjustments were 

determined by the difference between four consecutive lookout angles at intervals of 15 

minutes, then the difference was utilised to determine the hourly average change (increase). 

The adjustments result in more power harvesting for the fuzzy logic algorithm as compared to 

the linear regression algorithm, which was made to directly follow the lookout angles derived 

from the Keisan website (Annexure C).  

 

Figure 4.11. The sunny day simulated power graph (fuzzy logic and linear regression). 

4.5 Conclusion  

The calibration to validate the results of this research study was discussed in this chapter. The 

fixed-system results were also analysed. The empirical results of the direct-tracking system 

and simulated results for the fuzzy logic system were compared for a sunny clear day, single 

cloud and multiple clouds day. The direct-tracking system power and simulated power for 

0,0

50,0

100,0

150,0

200,0

250,0

300,0

350,0

0
6

:0
0

:2
3

 A
M

0
6

:2
5

:2
1

 A
M

0
6

:5
0

:4
1

 A
M

0
7

:1
5

:2
1

 A
M

0
7

:4
0

:5
4

 A
M

0
8

:0
6

:0
4

 A
M

0
8

:3
0

:1
4

 A
M

0
8

:5
5

:1
6

 A
M

0
9

:2
0

:1
5

 A
M

0
9

:4
5

:3
2

 A
M

1
0

:1
0

:0
1

 A
M

1
0

:3
5

:1
9

 A
M

1
1

:0
0

:1
3

 A
M

1
1

:2
5

:1
7

 A
M

1
1

:5
0

:0
6

 A
M

1
2

:1
5

:4
0

 P
M

1
2

:4
0

:3
5

 P
M

0
1

:0
5

:4
1

 P
M

0
1

:3
0

:5
9

 P
M

0
1

:5
5

:3
4

 P
M

0
2

:2
0

:1
9

 P
M

0
2

:4
5

:3
5

 P
M

0
3

:1
0

:4
8

 P
M

0
3

:3
5

:1
9

 P
M

0
4

:0
0

:0
4

 P
M

0
4

:2
5

:5
8

 P
M

0
4

:5
0

:1
6

 P
M

0
5

:1
5

:0
7

 P
M

0
5

:4
0

:2
4

 P
M

P
o
w

e
r 

(W
)

Time of the day (hours)

Simulated power for fuzzy logic (W)

Simulated power for linear regression (W)

© Central University of Technology, Free State



73 

 

linear regression system were compared for a sunny clear day. It was discovered that the daily 

performance of the fixed system power (16° PV module) was better than the 26° and 36° fixed 

systems power by 3.49% and 10.69% respectively proving the study conducted by Chinnery 

and Heywood. The direct-tracking system power showed 32% improvement over the fixed 

system power (16°) due to the fact that it was always aligned to the movement of the sun. The 

daily simulated power for fuzzy logic was 5.31% better than the direct-tracking system power. 

The direct-tracking system power was better than the simulated power for linear regression 

by 2.24%. The simulated power result difference between fuzzy logic and linear regression 

was 2.44%, making fuzzy logic algorithm the better performer. The fuzzy logic algorithm 

performed better than the linear regression algorithm due to the fact that its development 

involved an average increase in the lookout angles for specific periods of a day that was based 

on four consecutive 15-minute changes. The adjustments result in more power harvesting for 

the fuzzy logic algorithm as compared to the linear regression algorithm, which was made to 

directly follow the lookout angles derived from the Keisan website (Annexure C). 
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Chapter 5 – The conclusion  

5.1 Introduction  

The previous chapter (Chapter 4) detailed the importance of calibration of the systems in order 

to validate the results of this study. The results obtained for a period of six months for the three 

fixed photovoltaic (PV) modules set at the same orientation angle of 0°, but at different tilt 

angles of 16°, 26° and 36° true North (N), were discussed and analysed. The empirical results 

of the direct-tracking system and simulated results for the fuzzy logic system were compared 

for a sunny clear day, single cloud and multiple clouds day. Furthermore, the empirical results 

of the direct-tracking system and simulated results of the linear regression system were 

compared for a sunny clear day. The simulated results for the fuzzy logic system and linear 

regression system were also compared and analysed. The aim of this chapter is to provide 

the conclusion and recommendations on the systems that yielded the maximum output power. 

The conclusion and recommendations will be made on both the fixed- and dual-axis solar 

tracking systems.  

5.2 Overview of the thesis 

The background to this study was detailed in Chapter 1, which stated that South Africa is not 

immune to energy shortages; predictions are that these energy shortages will increase, 

thereby necessitating the implementation of alternative energy sources, such as PV energy 

systems (Hertzog and Swart, 2015). The problem with PV modules is that they may be either 

fixed in position to a roof or mounted directly onto a frame, resulting in a stationary fixed-type 

system. The sun, however, is not a stationery object, resulting in the conversion efficiency 

between solar energy and electrical energy not always being at an optimum level. One way to 

increase the conversion efficiency is to vary the tilt and orientation angle of an adjustable PV 

module automatically, constantly aligning it to the direct beam radiation of the sun. Making an 

informed decision between various control techniques such as direct solar tracking system is 

required. The purpose of this study was to simulate two different algorithms (fuzzy logic and 

linear regression) in order to compare the empirical results of the direct-tracking system (using 

the Boolean algorithm) with the simulated results. Another aim of the study was to substantiate 

which tilt angle enables the highest energy yield from a PV module located on the Highveld of 

South Africa.  

It was also emphasised in Chapter 1 that tracking the sun for the maximum power point (MPP) 

of a PV module varies in complexity. However, it is essential to continuously deliver the highest 

possible power to the load when variations in the insolation and temperature occur, to maintain 
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a high overall system efficiency. It therefore becomes necessary to use an algorithm (fuzzy 

logic or linear regression) in order to ensure the efficient operation of the solar collectors. A 

PV module’s performance depends, to a large degree, on the location and position of the 

module, with solar energy conversion receiving more attention than before. Optimising the 

position of the module with relation to the sun can enable more clean energy to be harvested 

from this technology. The chapter outlined some delimitations that relate to the practical setup 

that was installed by a private service provider. The effects of relative humidity and 

temperature on the PV module’s performance were also to be ignored, as all the PV modules 

were exposed to the same environmental conditions. The design and construction of the data 

acquisition system also did not form part of this research. Four objectives were listed and they 

are answered in the following sections of this chapter.  

Chapter 2 outlined a contextual overview of the two algorithms (linear regression and fuzzy 

logic) that were previously applied in simulation of the output power of PV module tracking 

systems. Linear regression analysis is defined as a statistical technique for investigating and 

modelling the relationship between variables (Jiang, 2008). Regression analysis is modelling 

the relationship between a scalar variable Y and one or more variables denoted as X. The 

polynomial regression is a form of linear regression in which the relationship between an 

independent variable X and a dependent variable Y is modelled (Ibrahim et al., 2012). In this 

present study, two variables, voltage (Y-axis) and time (X-axis), were used to control the 

movement of the PV module in relation to the position of the sun. Fuzzy logic is described as 

a form of many-value logic that deals with reasoning that is approximate, rather than fixed and 

exact (Robert et al., 2014). It also incorporates a simple, rule-based approach, “if x and y then 

z”, to solve a control problem rather than attempting to model a system mathematically. A 

direct-tracking system was also discussed, which features a Boolean algorithm that is similar 

to the hill and climb algorithm.  

The control software and hardware that were used for data acquisition were also explained. 

National Instruments LabVIEW is described as a graphical programming language that has its 

roots in automation control and data acquisition (Hertzog, 2015). LabVIEW software is easier 

to interface with real-world signals, enabling the analysis of data for meaningful information 

and sharing (Stamatescu et al., 2014). Linear actuators are explained as devices that may be 

used to direct PV modules in a desired direction. The linear actuator consists of a built-in direct 

current (dc) motor with a DC worm gear that allows a smooth and precise extension of the 

arm (Chai et al., 2011). Their application to solar tracking was presented. It was stated that 

the direct beam radiation from the sun is extremely important for concentrated PV systems 

and has a direct bearing on the tilt and orientation angle of PV modules. Previous research 
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using the two algorithms and the control software were also discussed in Chapter 2 with their 

associated results. Advantages and disadvantages of the two algorithms and the control 

software were also highlighted.  

Chapter 3 provided an overview of the tracking system as a whole by depicting, listing and 

explaining all the components that were used in the practical setup. Six 310 W YL310P-35b 

polycrystalline PV modules were used in this study with the National Instrument (NI) data 

acquisition (DAQ) hardware installed inside the control boxes. The PV modules are rated at 

36.3 V (voltage at maximum power), 45.6 V (open circuit voltage), 8.53 A (current at maximum 

power) and 8.99 A (short circuit current). The key parameters of the PM modules were also 

listed. The basic operating principle of the system was to measure the output voltage of the 

modules and use the measurements to command the controlling devices to align the PV 

modules perpendicular to the sun. The data logging interface circuit, using a voltage divider 

that was also used as the system load, was outlined. The voltage divider circuit provides signal 

conditioning, as the output voltage of the PV module (open circuit voltage = 45.6 V) is much 

higher than the allowed input voltage to the DAQ unit (limited to 10 V). Using a voltage divider 

circuit in the data logging interface circuit enabled the input voltage to the NI DAQ to be less 

than 10 V. This DAQ was connected directly to a personal computer running the LABVIEW 

software, where measurements were recorded and the control algorithms were implemented.  

Different software that can be used for solar tracking systems were also discussed. It was 

stated in Chapter 3 that it is easier to interface LabVIEW with real-world signals, where one 

can analyse data for meaningful information and share results. Data can be measured and 

displayed simultaneously using the LabVIEW visual programming software. All values stored 

in a matrix can eventually be written to a text file for further analysis in MS Excel  (Hertzog and 

Swart, 2018). The program that was used to execute the direct-tracking system was written 

and presented in Chapter 3, using the LabVIEW user interface software. The fuzzy logic rules 

were developed in this chapter as was the linear regression algorithm.  

It was stated that the linear actuator was preferred over the stepper motor because it can 

provide better efficiency, better dynamic performance and smoother operation (Birbilen and 

Lazoglu, 2018). Various loads that can be used in PV modules were also discussed. However, 

it was stated that using a fixed load resistance was discovered to be an effective and easy 

method to start loading PV modules located outdoors for measurement purposes (Hertzog 

and Swart, 2016). The system load featured five fixed high-power (100 W, 0.82 Ω, 1 Ω) 

resistors connected in series across a source voltage. The 1 Ω resistor was used because 

measuring the voltage drop across it allowed easy computation of circuit current (V = IR) using 

Ohms Law. 
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Chapter 4 discussed and analysed the empirical results of the direct-tracking system, the 

simulation results of the two algorithms and the fixed PV modules. The three fixed-system PV 

modules’ instantaneous power readings for each time slot were measured. The instantaneous 

power readings were used to calculate the subsequent power over a period of time (Wh).  

The total Wh percentage difference produced for the six-month period between the 16° and 

26° fixed-type system was 3.48%, between the 16° and 36° fixed-type system was 10.69%, 

while between the 26° and 36° fixed-type system it was 6.97%. Similarly, the 16° (Latitude 

minus 10°) fixed-type system was established to be the best performer followed by the 26° 

fixed-type system and the 36° fixed-type system. Results suggest that a PV module installed 

at a tilt angle of latitude minus 10º produces more output power than those installed at other 

tilt angles in semi-arid regions of South Africa for the months of November through January 

(Hertzog and Swart, 2015). The highest yield of output power from a PV module was also 

found at latitude minus 10° for another study conducted during the summer season of South 

Africa (Hertzog and Swart, 2018).  

The sunny day (cloudless day) daily power profile of the fixed system (16°), the empirical 

results of the direct-tracking system and the simulated fuzzy logic system were analysed in 

Chapter 4. The simulated fuzzy logic system marginally outperformed the empirical results of 

the direct-tracking system by 5.31%. The empirical direct-tracking results illustrated 32% 

improvement over the fixed system results. The sunny day results with a single cloud daily 

power profile of the fixed system (16°), the empirical results of the direct-tracking system and 

the simulated fuzzy logic system were also analysed. The simulated fuzzy logic system 

marginally outperformed the empirical results of the direct-tracking system by 3.7%. The 

empirical tracking results demonstrated 31% improvement over the fixed system results.  

The sunny day with multiple clouds (in the afternoon) daily power profile of the fixed system 

(16°), the empirical results of the direct-tracking system and the simulated fuzzy logic system 

were also examined. It was discovered that the simulated fuzzy logic system marginally 

outperformed the empirical results of the direct-tracking system by 2%. The empirical tracking 

results showed 21.76% improvement over the fixed system results.  

Analysis of the the sunny day daily power profile of the fixed system (16°), the empirical results 

of the direct-tracking system and the simulated linear regression algorithm was made. It was 

discovered that the direct-tracking system marginally outperformed the simulated linear 

regression algorithm by 2.24%. This was due to the fact that the direct-tracking system had 

the advantage of moving forward and backwards, while the linear regression algorithm only 
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moved forward. The simulated linear regression results showed 30.97% improvement over 

the fixed system results.  

It was also emphasised in Chapter 4 that enabling reliability of data requires that any system 

be calibrated. The intention of calibrating the system was to eliminate any bias between the 

systems. This was done by physically measuring the output voltage across the load resistors 

and the current flowing through the 1 Ω resistor. The physically measured voltage and current 

were compared with the readings on the LabVIEW user interface. The results correlated well 

with a minor error percentage (0.24% for currents and the highest being 0.58% for voltage).  

Chapter 5 provides the overview of the research holistically, discussing what all the chapters 

entail. It also provides the conclusion and recommendations on the systems (both fixed-type 

system and tracking-type systems) that yielded the maximum output power.  

5.3 Conclusion on the system calibration  

Chapter 1 listed one objective on calibration of the system as follows: 

• Clarify a simple calibration method for the systems to ensure data validity. 

Three PV modules (one fixed-type system and the two tracking-type systems, using linear 

regression and fuzzy logic) were set at a fixed tilt angle of 26° and orientation angle of 0° N 

for calibration purposes. This was only done for one day during the summer season to 

determine the validity between the three systems. The Rish Multi 16S True RMS multimeter 

was used to physically measure the systems’ voltage and current on 09 February 2019. The 

physically measured results were compared with the readings on the LabVIEW user interface 

software. The readings (currents and voltages) that were measured physically and displayed 

by the LabVIEW interface were obtained within a 30 minutes period. A current of 8,29 A from 

the PV module was measured (physically) while the LabVIEW interface displayed 8,27 A. The 

highest error percentage for voltage occurred for the linear regression system (being 0.58%). 

The systems’ measurements were taken on the 09 February 2019 between 12:30 noon and 1 

pm when the sun was perpendicular to all the PV modules. Results indicate that the three 

identical PV systems produced very similar results. Systems with a variability of less than 1% 

are considered to be reliable with their data being considered valid (Swart and Hertzog, 2019). 

A consistent error percentage (0.24%) between the multimeter and LabVIEW user interface 

was established for the current values. The results indicated that there was no need for 

adjustment to the system, as all the factors were less than 1%. 
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5.4 Conclusion on the fixed-type systems  

Chapter 1 listed one objective on the fixed-type system as follows: 

• Substantiate which tilt angle enables the highest energy yield from a fixed-type 

system where a singular PV module is located on the Highveld of South Africa 

The fixed-type systems consisted of three identical PV modules fixed at different tilt angles 

but at the same orientation angle. The optimum tilt angle for a 26° angle of latitude involves 

placing the PV module at an orientation angle of 0˚ and setting the angle of tilt to 16°, 26° 

or 36°, respectively. These angles are derived from the Heywood and Chinnery equations of 

latitude for calculating tilt angles of PV modules in South Africa. The fixed-type systems would 

also serve as a baseline for the tracking-type systems.  

The recorded Wh for a six-month period was calculated to be 23858.22 Wh for the 16° fixed-

type system, 23056.02 Wh for the 26° fixed-type system and 21554,31 Wh for the 36° fixed-

type system. It is evident that 16° fixed-type system yielded more output power, followed by 

the 26° fixed-type system, while the 36° fixed-type system was the lowest performer for the 

summer months in South Africa. 

5.5 Conclusion on the direct-tracking and simulated systems  

Chapter 1 listed two objectives on the tracking-type systems as follows: 

• Implement a direct-tracking system where a basic Boolean algorithm is used to 

obtain empirical results; and 

• Determine which algorithm (fuzzy logic or linear regression) will enable the highest 

output power from a proposed PV module using simulation. 

The fuzzy logic and linear regression were applied to simulate the output power of the PV 

module tracking systems. The direct-tracking system made use of the basic Boolean algorithm 

to track the movement of the sun across the sky from sunrise to sunset.  

It took 41 functional blocks and four comparison calculations to execute the direct-tracking 

algorithm (in LabVIEW). Two comparison calculations per axis, of previous and current voltage 

readings, were done to detect if the PV module should move forward or backwards. The 

direct- tracking algorithm could move the PV module either forward or backward on both axes 

(X and Y axis). The sunny day daily simulated power percentage difference for both fuzzy 

logic and linear regression algorithms discovered that the fuzzy logic algorithm performed 

better than the linear regression algorithm with a percentage difference of 2.44%. Unlike the 
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linear regression algorithm, the fuzzy logic algorithm development involved an automatic 

adjustment (increases) of the lookout angle by 1.9° between 6:15 am and 9 am and by 3° 

between 9 am and 10 am (please refer to Annexure E and Figure 3.10). The adjustments were 

determined by the difference between four consecutive lookout angles at intervals of 15 

minutes, then the difference was utilised to determine the hourly average change (increase). 

These average based adjustments result in more power harvesting for the fuzzy logic 

algorithm as compared to the linear regression algorithm, where the lookout angle changes 

were directly based on the lookout angles derived from the Keisan.com website (Annexure F). 

It must be noted that the value (2.44%) might change if the linear regression values for other 

seasons (autumn, winter and spring) are obtained. However, the fuzzy logic algorithm would 

be closer because it was designed for different weather conditions, whereas the linear 

regression algorithms were designed to operate under all weather conditions, but using the 

sunny day approach. 

5.6 Recommendations  

The three fixed-type systems were set at 0° orientation angle and at different tilt angles of 16°, 

26° and 36° respectively. The results obtained for a period of six months show the 16° fixed-

type system yielding more output power as compared to the 26° and 36° fixed-typed systems. 

It is recommended that between November and April, for a fixed-type system, PV modules 

should be installed at a tilt angle of latitude minus 10° (16°) on the Highveld of South Africa. 

However, possible limitations of this research study include the fact that data were only 

collected from the Highveld region of South Africa. It is essential to obtain data for the same 

period from the coastal regions of South Africa.  

The fuzzy logic and linear regression algorithms were applied to simulate which algorithm 

yielded the maximum output power for a dual-axis PV tracking-type system. It was discovered 

that the fuzzy logic outperformed the linear regression by producing more output power 

(2.44%) during a sunny day. The recommendation is to apply the fuzzy logic algorithm for a 

dual-axis solar tracking system on the Highveld of South Africa in the summer season. 

Similarly, it is also essential to obtain data for the same period from the coastal regions of 

South Africa. 

The fuzzy logic rules for the other seasons should also be determined and then be validated 

using an experimental setup. The linear regression algorithm should also be applied to an 

experimental setup in order to determine its validity.  
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Annexure A 
Lookout Angles Average Movement for Four Seasons 

21 December 2021 

Time 
Hourly Angle 
Difference (°) 

Average Movement (°) 
for Every 15minutes 

Average Movement 
Difference (≤ 0,4° Indicator) 

Average Movement 
≤ 0,4° Collapsed 

06:15-07:00 6,1 1,5   
1,9 07:00-08:00 7,5 1,9 0,3 

08:00-09:00 9,4 2,3 0,5 

09:00-10:00 12,0 3,0 0,7 3,0 

10:00-11:00 15,0 3,8 0,8 3,8 

11:00-12:00 17,5 4,4 0,6 4,4 

12:00-13:00 17,7 4,4 0,5 4,4 

13:00-14:00 15,7 3,9 0,8 3,9 

14:00-15:00 12,6 3,1 0,7 3,1 

15:00-16:00 9,9 2,5 0,5 2,5 

16:00-17:00 7,8 1,9 0,4 
1,8 

17:00-18:00 6,4 1,6 1,6 

 
21 March 2021 

Time 
Hourly Angle 
Difference (°) 

Average Movement (°) 
for Every 15minutes 

Average Movement 
Difference (≤ 0,4° Indicator) 

Average Movement 
≤ 0,4° Collapsed 

06:15-07:00 6,6 1,7   

1,9 07:00-08:00 7,2 1,8 0,1 

08:00-09:00 8,8 2,2 0,4 

09:00-10:00 12,2 3,0 0,8 3,0 

10:00-11:00 18,9 4,7 1,7 4,7 

11:00-12:00 29,2 7,3 2,6 7,3 

12:00-13:00 33,0 8,3 2,2 8,3 

13:00-14:00 24,1 6,0 2,2 6,0 

14:00-15:00 15,2 3,8 1,2 3,8 

15:00-16:00 10,3 2,6 0,6 2,6 

16:00-17:00 7,9 2,0 0,3 
1,8 

17:00-18:00 6,9 1,7 1,7 

 
21 June 2021 

Time 
Hourly Angle 
Difference (°) 

Average Movement (°) 
for Every 15minutes 

Average Movement 
Difference (≤ 0,4° Indicator) 

Average Movement 
≤ 0,4° Collapsed 

06:15-07:00 5,5 1,4   

  
  
1,2 

07:00-08:00 4,9 1,2 -0,1 

08:00-09:00 4,8 1,2 0,0 

09:00-10:00 5,2 1,3 0,1 

10:00-11:00 7,8 1,9 0,6 

11:00-12:00 43,5 10,9 8,9 10,9 

12:00-13:00 119,8 29,9 27,3 29,9 

13:00-14:00 10,6 2,6 1,2 2,6 

14:00-15:00 5,7 1,4 0,2 

1,3 
15:00-16:00 4,8 1,2 0,0 

16:00-17:00 4,8 1,2 -0,1 

17:00-18:00 5,3 1,3 1,3 

 
23 September 2021 

Time 
Hourly Angle 
Difference (°) 

Average Movement (°) 
for Every 15minutes 

Average Movement 
Difference (≤ 0,4° Indicator) 

Average Movement 
≤ 0,4° Collapsed 

06:15-07:00 6,8 1,7   

2,0 07:00-08:00 7,5 1,9 0,2 

08:00-09:00 9,5 2,4 0,5 

09:00-10:00 13,5 3,4 1,0 3,4 

10:00-11:00 21,2 5,3 1,9 5,3 

11:00-12:00 31,2 7,8 2,5 7,8 

12:00-13:00 31,4 7,8 2,5 7,8 

13:00-14:00 21,5 5,4 2,0 5,4 

14:00-15:00 13,6 3,4 1,0 3,4 

15:00-16:00 9,5 2,4 0,5 2,4 

16:00-17:00 7,6 1,9 0,2 
1,8 

17:00-18:00 6,7 1,7 1,7 
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06:00:23 AM 110,7 110,0

06:05:35 AM 111,4 110,0

06:10:51 AM 111,3 110,0

06:15:08 AM 112,1 1,4 111,9 1,9

06:20:06 AM 112,9 111,9

06:25:21 AM 112,8 111,9

06:30:40 AM 113,6 1,5 113,8 1,9

06:35:00 AM 114,4 113,8

06:40:00 AM 114,3 113,8

06:45:18 AM 115,2 1,6 115,7 1,9

06:50:41 AM 116,0 115,7

06:55:05 AM 115,9 115,7

07:00:07 AM 116,8 1,6 117,6 1,9

07:05:29 AM 117,7 117,6

07:10:54 AM 117,6 117,6

07:15:21 AM 118,5 1,7 119,5 1,9

07:20:25 AM 119,4 119,5

07:25:50 AM 119,4 119,5

07:30:18 AM 120,4 1,8 121,4 1,9

07:35:24 AM 121,3 121,4

07:40:54 AM 121,2 121,4

07:45:08 AM 122,3 1,9 123,3 1,9

07:50:47 AM 123,3 123,3

07:55:19 AM 123,2 123,3

08:00:29 AM 124,3 2,0 125,2 1,9

08:06:04 AM 125,3 125,2

08:10:15 AM 125,3 125,2

08:15:47 AM 126,4 2,1 127,1 1,9

08:20:23 AM 127,5 127,1

08:25:36 AM 127,5 127,1

08:30:14 AM 128,7 2,3 129,0 1,9

08:35:27 AM 129,9 129,0

08:40:03 AM 129,8 129,0

08:45:18 AM 131,1 2,4 130,9 1,9

08:50:00 AM 132,4 130,9

08:55:16 AM 132,3 130,9

09:00:59 AM 133,6 2,6 1,9 133,9 3,0

09:05:16 AM 135,0 133,9

  Fuzzy Logic Lookout Angles 

Development

Annexure B
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09:10:57 AM 134,9 133,9

09:15:16 AM 136,4 2,7 136,9 3,0

09:20:15 AM 137,8 136,9

09:25:46 AM 137,7 136,9

09:30:18 AM 139,3 2,9 139,9 3,0

09:35:23 AM 140,8 139,9

09:40:58 AM 140,7 139,9

09:45:32 AM 142,4 3,1 142,9 3,0

09:50:06 AM 144,0 142,9

09:55:11 AM 143,9 142,9

10:00:46 AM 145,6 3,3 3,0 146,6 3,8

10:05:23 AM 147,4 146,6

10:10:01 AM 147,3 146,6

10:15:11 AM 149,1 3,5 150,4 3,8

10:20:50 AM 150,9 150,4

10:25:28 AM 150,8 150,4

10:30:07 AM 152,8 3,7 154,2 3,8

10:35:19 AM 154,7 154,2

10:40:58 AM 154,6 154,2

10:45:39 AM 156,6 3,9 157,9 3,8

10:50:17 AM 158,6 157,9

10:55:36 AM 158,6 157,9

11:00:13 AM 160,7 4,0 3,8 162,3 4,4

11:05:43 AM 162,8 162,3

11:10:13 AM 162,7 162,3

11:15:15 AM 164,9 4,2 166,7 4,4

11:20:45 AM 167,0 166,7

11:25:17 AM 166,9 166,7

11:30:22 AM 169,2 4,3 171,0 4,4

11:35:55 AM 171,4 171,0

11:40:28 AM 171,3 171,0

11:45:02 AM 173,6 4,4 175,4 4,4

11:50:06 AM 175,9 175,4

11:55:50 AM 175,8 175,4

12:00:32 PM 178,1 4,5 4,4 179,8 4,4

12:05:20 PM 180,4 179,8

12:10:30 PM 180,3 179,8

12:15:40 PM 182,6 4,5 184,3 4,4

12:20:00 PM 184,9 184,3

12:25:01 PM 184,8 184,3

12:30:15 PM 187,1 4,5 188,7 4,4

12:35:55 PM 189,3 188,7

12:40:35 PM 189,2 188,7

12:45:17 PM 191,6 4,4 193,1 4,4

12:50:33 PM 193,7 193,1

12:55:15 PM 193,6 193,1

01:00:58 PM 195,9 4,3 4,4 197,0 3,9
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01:05:41 PM 197,9 197,0

01:10:25 PM 197,8 197,0

01:15:10 PM 200,0 4,2 200,9 3,9

01:20:27 PM 202,0 200,9

01:25:13 PM 201,9 200,9

01:30:59 PM 204,0 4,0 204,9 3,9

01:35:45 PM 206,0 204,9

01:40:32 PM 205,9 204,9

01:45:20 PM 207,9 3,8 208,8 3,9

01:50:08 PM 209,7 208,8

01:55:34 PM 209,6 208,8

02:00:23 PM 211,5 3,6 3,9 211,5 2,8

02:05:25 PM 213,2 211,5

02:10:22 PM 213,1 211,5

02:15:21 PM 214,9 3,4 214,3 2,8

02:20:19 PM 216,3 214,3

02:25:22 PM 216,1 214,3

02:30:18 PM 217,6 2,6 217,1 2,8

02:35:24 PM 218,6 217,1

02:40:24 PM 218,5 217,1

02:45:35 PM 219,6 2,0 219,8 2,8

02:50:08 PM 221,1 219,8

02:55:24 PM 221,0 219,8

03:00:32 PM 222,6 3,0 2,8 222,3 2,5

03:05:41 PM 223,9 222,3

03:10:48 PM 223,8 222,3

03:15:57 PM 225,3 2,8 224,9 2,5

03:20:04 PM 226,6 224,9

03:25:13 PM 226,5 224,9

03:30:19 PM 228,0 227,4 2,5

03:35:19 PM 229,2 2,5 227,4

03:40:22 PM 229,1 227,4

03:45:28 PM 230,4 2,5 229,9 2,5

03:50:31 PM 231,6 229,9

03:55:34 PM 231,4 229,9

04:00:04 PM 232,7 2,3 2,5 231,7 1,8

04:05:15 PM 233,8 231,7

04:10:25 PM 233,7 231,7

04:15:37 PM 234,9 2,2 233,5 1,8

04:20:47 PM 236,1 233,5

04:25:58 PM 236,0 233,5

04:30:11 PM 237,3 2,4 235,3 1,8

04:35:14 PM 238,1 235,3

04:40:35 PM 238,0 235,3

04:45:28 PM 239,0 1,8 237,1 1,8

04:50:16 PM 239,5 237,1

04:55:29 PM 239,4 237,1
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05:00:50 PM 240,0 0,9 1,8 238,8 1,7

05:05:13 PM 240,9 238,8

05:10:35 PM 240,7 238,8

05:15:07 PM 241,8 1,8 240,5 1,7

05:20:20 PM 242,6 240,5

05:25:35 PM 242,5 240,5

05:30:53 PM 243,5 1,7 242,2 1,7

05:35:08 PM 244,3 242,2

05:40:24 PM 244,1 242,2

05:45:01 PM 245,1 1,6 243,8 1,7

05:50:19 PM 245,9 243,8

05:55:36 PM 245,7 243,8

06:00:23 PM 246,6 1,6 1,7 245,5 1,7
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06:00 -11,5 110,7 110,7 90,0 100,0 110,0 103,8

06:15 -8,3 112,1 112,1 85,7 95,9 112,7 104,9

06:30 -5,2 113,6 113,6 81,4 91,8 115,4 107,0

06:45 -1,5 115,2 115,2 77,1 87,7 118,1 110,0

07:00 1,3 116,8 116,8 72,7 83,6 120,8 113,0

07:15 4,1 118,5 118,5 68,4 79,5 123,5 116,1

07:30 7,0 120,4 120,4 64,1 75,3 126,2 119,4

07:45 9,8 122,3 122,3 59,8 71,2 128,9 122,7

08:00 12,6 124,3 124,3 55,5 67,1 131,6 125,9

08:15 15,4 126,4 126,4 51,2 63,0 134,3 129,0

08:30 18,0 128,7 128,7 46,9 58,9 137,0 132,2

08:45 20,6 131,1 131,1 42,5 54,8 139,7 135,4

09:00 23,1 133,6 133,6 38,2 50,7 142,4 138,5

09:15 25,4 136,4 136,4 33,9 46,6 145,1 141,6

09:30 27,7 139,3 139,3 29,6 42,5 147,8 144,8

09:45 29,8 142,4 142,4 25,3 38,4 150,5 148,0

10:00 31,8 145,6 145,6 21,0 34,2 153,2 151,2

10:15 33,6 149,1 149,1 16,6 30,1 153,2 154,4

10:30 35,2 152,8 152,8 12,3 26,0 155,9 157,7

10:45 36,7 156,6 156,6 8,0 21,9 158,6 161,0

11:00 37,9 160,7 160,7 3,7 17,8 161,3 164,5

11:15 38,9 164,9 164,9 0,6 13,7 164,0 167,9

11:30 39,7 169,2 169,2 4,9 9,6 166,7 171,4

11:45 40,2 173,6 173,6 9,2 5,5 169,4 174,8

12:00 40,4 178,1 178,1 13,6 1,4 172,1 178,2

12:15 40,4 182,6 182,6 12,0 -2,8 174,8 181,7

12:30 40,1 187,1 187,1 7,6 -7,0 177,5 185,2

12:45 39,6 191,6 191,6 3,2 -11,3 180,2 188,8

13:00 38,8 195,9 195,9 1,3 -15,5 182,9 192,2

13:15 37,7 200,0 200,0 5,7 -19,7 185,6 195,7

13:30 36,5 204,0 204,0 10,1 -23,9 188,3 199,3

13:45 35,0 207,9 207,9 14,6 -28,2 191,0 202,8

14:00 33,3 211,5 211,5 19,0 -32,4 193,7 206,4

14:15 31,5 214,9 214,9 23,5 -36,6 196,4 209,8

14:30 29,5 218,2 217,6 27,9 -40,8 199,1 213,1

14:45 27,3 221,2 219,6 32,3 -45,1 201,8 216,3

Translated tilt 

and orientation 

angles

Proposed 

lookout angles

Kesian.com website data for the 

Summer Solstice (21 December 

2019)
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15:00 25,0 224,1 222,6 36,8 -49,3 204,5 219,4

15:15 22,7 226,8 225,3 41,2 -53,5 207,2 222,5

15:30 20,2 229,3 228,0 45,6 -57,7 209,9 225,7

15:45 17,6 231,7 230,4 50,1 -62,0 212,6 228,7

16:00 14,9 234,0 232,7 54,5 -66,2 215,3 231,8

16:15 12,2 236,1 234,9 58,9 -70,4 218,0 234,9

16:30 9,3 238,1 237,3 63,4 -74,6 220,7 237,9

16:45 6,5 240,0 239,0 67,8 -78,9 223,4 240,7

17:00 3,6 241,8 240,0 72,3 -83,1 226,1 243,1

17:15 0,9 243,5 241,8 76,7 -87,3 228,8 245,2

17:30 -2,2 245,1 243,5 81,1 -91,5 231,5 246,9

17:45 -5,7 246,6 245,1 85,6 -95,7 234,2 248,0

18:00 -8,9 248,1 246,6 90,0 -100,0 236,9 248,6
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06:00:23 AM 110,7 164,0 53,3 0,4 110,7 0,0 41,4 110,0 0,7 40,9 103,8 6,9 36,1

06:05:35 AM 111,4 164,0 52,6 0,5 111,4 0,0 73,1 110,0 1,4 71,2 103,8 7,6 62,7

06:10:51 AM 111,3 164,0 52,7 0,7 111,3 0,0 89,9 110,0 1,3 87,6 103,8 7,5 77,2

06:15:08 AM 112,1 164,0 51,9 1,0 112,1 0,0 120,0 112,7 0,6 118,6 104,9 7,2 103,5

06:20:06 AM 112,9 164,0 51,1 1,5 112,9 0,0 147,3 112,7 0,2 146,9 104,9 7,9 124,7

06:25:21 AM 112,8 164,0 51,2 2,3 112,8 0,0 173,3 112,7 0,1 172,9 104,9 7,9 147,0

06:30:40 AM 113,6 164,0 50,4 3,9 113,6 0,0 203,5 115,4 1,8 196,4 107,0 6,6 177,4

06:35:00 AM 114,4 164,0 49,6 6,9 114,4 0,0 233,2 115,4 1,0 228,6 107,0 7,4 199,6

06:40:00 AM 114,3 164,0 49,7 8,6 114,3 0,0 248,3 115,4 1,1 243,2 107,0 7,3 213,0

06:45:18 AM 115,2 164,0 48,8 8,6 115,2 0,0 251,6 118,1 2,9 237,1 110,0 5,2 225,6

06:50:41 AM 116,0 164,0 48,0 9,4 116,0 0,0 250,3 118,1 2,1 239,7 110,0 6,0 220,0

06:55:05 AM 115,9 164,0 48,1 11,7 115,9 0,0 251,6 118,1 2,2 240,8 110,0 6,0 221,8

07:00:07 AM 116,8 164,0 47,2 13,8 116,8 0,0 258,7 120,8 4,0 238,0 113,0 3,8 238,9

07:05:29 AM 117,7 164,0 46,3 17,1 117,7 0,0 261,8 120,8 3,1 245,3 113,0 4,7 237,1

07:10:54 AM 117,6 164,0 46,4 20,5 117,6 0,0 262,8 120,8 3,2 246,2 113,0 4,6 238,7

07:15:21 AM 118,5 164,0 45,5 24,8 118,5 0,0 263,5 123,5 5,0 237,4 116,1 2,4 250,9

07:20:25 AM 119,4 164,0 44,6 28,7 119,4 0,0 269,0 123,5 4,1 247,1 116,1 3,3 251,2

07:25:50 AM 119,4 164,0 44,6 33,7 119,4 0,0 266,9 123,5 4,1 245,4 116,1 3,2 250,0

07:30:18 AM 120,4 164,0 43,7 39,2 120,4 0,0 269,0 126,2 5,9 238,2 119,4 1,0 263,8

07:35:24 AM 121,3 164,0 42,7 44,2 121,3 0,0 273,5 126,2 4,9 247,2 119,4 1,9 263,1

07:40:54 AM 121,2 164,0 42,8 52,6 121,2 0,0 278,8 126,2 5,0 252,6 119,4 1,9 268,9

07:45:08 AM 122,3 164,0 41,7 57,5 122,3 0,0 275,7 128,9 6,6 240,9 122,7 0,4 273,5

07:50:47 AM 123,3 164,0 40,7 63,6 123,3 0,0 271,5 128,9 5,6 242,7 122,7 0,6 268,4

07:55:19 AM 123,2 164,0 40,8 68,2 123,2 0,0 262,8 128,9 5,7 235,7 122,7 0,5 260,2

08:00:29 AM 124,3 164,0 39,7 76,0 124,3 0,0 269,0 131,6 7,3 233,4 125,9 1,6 261,3

08:06:04 AM 125,3 164,0 38,7 87,3 125,3 0,0 269,0 131,6 6,3 239,6 125,9 0,5 266,5

08:10:15 AM 125,3 164,0 38,7 92,2 125,3 0,0 261,4 131,6 6,3 233,8 125,9 0,6 258,8

08:15:47 AM 126,4 164,0 37,6 97,3 126,4 0,0 260,4 134,3 7,9 226,2 129,0 2,6 249,0

08:20:23 AM 127,5 164,0 36,5 109,4 127,5 0,0 260,1 134,3 6,8 232,2 129,0 1,5 253,9

08:25:36 AM 127,5 164,0 36,5 116,0 127,5 0,0 262,1 134,3 6,8 234,8 129,0 1,6 255,9

08:30:14 AM 128,7 164,0 35,3 129,9 128,7 0,0 271,5 137,0 8,3 238,1 132,2 3,5 257,3

08:35:27 AM 129,9 164,0 34,1 136,2 129,9 0,0 268,7 137,0 7,1 241,0 132,2 2,3 259,7

08:40:03 AM 129,8 164,0 34,2 147,6 129,8 0,0 268,7 137,0 7,2 243,2 132,2 2,4 260,2

08:45:18 AM 131,1 164,0 32,9 157,1 131,1 0,0 265,6 139,7 8,6 237,2 135,4 4,3 251,3

08:50:00 AM 132,4 164,0 31,6 169,3 132,4 0,0 263,5 139,7 7,3 241,6 135,4 3,0 254,4

08:55:16 AM 132,3 164,0 31,7 177,4 132,3 0,0 258,0 139,7 7,4 239,2 135,4 3,1 250,1

09:00:59 AM 133,6 164,0 30,4 191,8 133,6 0,0 253,6 142,4 8,8 235,8 138,5 4,9 243,7

09:05:16 AM 135,0 164,0 29,0 202,3 135,0 0,0 265,4 142,4 7,4 249,3 138,5 3,5 257,8

09:10:57 AM 134,9 164,0 29,1 210,5 134,9 0,0 257,2 142,4 7,5 245,2 138,5 3,6 251,4

09:15:16 AM 136,4 164,0 27,6 218,6 136,4 0,0 252,4 145,1 8,7 241,7 141,6 5,2 246,0

09:20:15 AM 137,8 164,0 26,2 226,2 137,8 0,0 260,7 145,1 7,3 251,1 141,6 3,8 255,8

09:25:46 AM 137,7 164,0 26,3 233,3 137,7 0,0 268,0 145,1 7,4 258,3 141,6 3,9 262,9

09:30:18 AM 139,3 164,0 24,7 236,3 139,3 0,0 271,1 147,8 8,5 259,1 144,8 5,5 263,3

09:35:23 AM 140,8 164,0 23,2 241,5 140,8 0,0 276,0 147,8 7,0 265,6 144,8 4,0 270,1

09:40:58 AM 140,7 164,0 23,3 247,8 140,7 0,0 267,5 147,8 7,1 261,5 144,8 4,1 264,0

09:45:32 AM 142,4 164,0 21,7 252,2 142,4 0,0 256,3 150,5 8,2 254,8 148,0 5,6 255,3

09:50:06 AM 144,0 164,0 20,0 257,6 144,0 0,0 263,5 150,5 6,5 261,6 148,0 4,0 262,3

09:55:11 AM 143,9 164,0 20,1 260,4 143,9 0,0 265,9 150,5 6,6 264,1 148,0 4,1 264,8

10:00:46 AM 145,6 164,0 18,4 261,7 145,6 0,0 268,3 153,2 7,6 265,6 151,2 5,6 266,3

10:05:23 AM 147,4 164,0 16,6 262,4 147,4 0,0 268,7 153,2 5,8 266,5 151,2 3,8 267,2
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10:10:01 AM 147,3 164,0 16,7 266,6 147,3 0,0 273,2 153,2 5,9 270,9 151,2 3,9 271,7

10:15:11 AM 149,1 164,0 14,9 270,1 149,1 0,0 275,7 153,2 4,1 274,1 154,4 5,3 273,6

10:20:50 AM 150,9 164,0 13,1 269,4 150,9 0,0 275,7 155,9 5,0 273,3 154,4 3,5 274,0

10:25:28 AM 150,8 164,0 13,2 270,1 150,8 0,0 276,7 155,9 5,1 274,2 154,4 3,6 274,9

10:30:07 AM 152,8 164,0 11,2 271,1 152,8 0,0 277,8 155,9 3,1 275,9 157,7 5,0 274,8

10:35:19 AM 154,7 164,0 9,3 270,1 154,7 0,0 275,0 158,6 3,9 272,9 157,7 3,1 273,3

10:40:58 AM 154,6 164,0 9,4 271,1 154,6 0,0 275,3 158,6 4,0 273,5 157,7 3,1 273,9

10:45:39 AM 156,6 164,0 7,4 270,8 156,6 0,0 275,0 158,6 2,0 273,8 161,0 4,4 272,4

10:50:17 AM 158,6 164,0 5,4 277,8 158,6 0,0 283,4 161,3 2,7 280,6 161,0 2,4 280,9

10:55:36 AM 158,6 164,0 5,4 284,2 158,6 0,0 289,9 161,3 2,7 287,0 161,0 2,5 287,3

11:00:13 AM 160,7 164,0 3,3 281,3 160,7 0,0 288,8 161,3 0,6 287,4 164,5 3,8 280,3

11:05:43 AM 162,8 164,0 1,2 281,7 162,8 0,0 287,0 164,0 1,2 281,7 164,5 1,7 279,6

11:10:13 AM 162,7 164,0 1,3 278,9 162,7 0,0 285,2 164,0 1,3 278,9 164,5 1,8 276,5

11:15:15 AM 164,9 164,0 0,9 279,9 164,9 0,0 285,9 164,0 -0,9 291,9 167,9 3,1 264,6

11:20:45 AM 167,0 164,0 3,0 284,6 167,0 0,0 290,6 166,7 -0,3 291,3 167,9 0,9 288,8

11:25:17 AM 166,9 164,0 2,9 288,5 166,9 0,0 295,7 166,7 -0,2 296,3 167,9 1,0 293,3

11:30:22 AM 169,2 164,0 5,2 282,4 169,2 0,0 288,1 166,7 -2,5 290,8 171,4 2,2 285,7

11:35:55 AM 171,4 164,0 7,4 281,3 171,4 0,0 287,7 169,4 -2,0 289,5 171,4 0,0 287,7

11:40:28 AM 171,3 164,0 7,3 277,4 171,3 0,0 282,7 169,4 -1,9 284,1 171,4 0,1 282,7

11:45:02 AM 173,6 164,0 9,6 284,2 173,6 0,0 290,6 169,4 -4,2 293,4 174,8 1,2 289,8

11:50:06 AM 175,9 164,0 11,9 279,6 175,9 0,0 285,2 172,1 -3,8 287,0 174,8 1,0 284,7

11:55:50 AM 175,8 164,0 11,8 267,6 175,8 0,0 271,5 172,1 -3,7 272,7 174,8 0,9 271,1

12:00:32 PM 178,1 164,0 14,1 287,4 178,1 0,0 293,5 172,1 -6,0 296,1 178,2 0,1 293,4

12:05:20 PM 180,4 164,0 16,4 278,1 180,4 0,0 281,3 174,8 -5,6 282,4 178,2 2,1 280,9

12:10:30 PM 180,3 164,0 16,3 284,9 180,3 0,0 290,2 174,8 -5,5 292,0 178,2 2,1 289,6

12:15:40 PM 182,6 164,0 18,6 290,0 182,6 0,0 295,3 174,8 -7,8 297,5 181,7 0,9 295,0

12:20:00 PM 184,9 164,0 20,9 292,9 184,9 0,0 298,6 177,5 -7,4 300,6 181,7 3,2 297,7

12:25:01 PM 184,8 164,0 20,8 288,4 184,8 0,0 299,3 177,5 -7,3 303,2 181,7 3,1 297,7

12:30:15 PM 187,1 164,0 23,1 301,7 187,1 0,0 285,2 177,5 -9,6 278,3 185,2 1,9 286,5

12:35:55 PM 189,3 164,0 25,3 290,3 189,3 0,0 300,5 180,2 -9,1 304,2 185,2 4,1 298,9

12:40:35 PM 189,2 164,0 25,2 294,3 189,2 0,0 301,6 180,2 -9,0 304,3 185,2 4,0 300,5

12:45:17 PM 191,6 164,0 27,6 298,7 191,6 0,0 292,0 180,2 -11,4 289,2 188,8 2,8 292,7

12:50:33 PM 193,7 164,0 29,7 287,8 193,7 0,0 283,9 182,9 -10,8 282,5 188,8 4,9 284,6

12:55:15 PM 193,6 164,0 29,6 277,4 193,6 0,0 291,1 182,9 -10,7 296,0 188,8 4,8 288,9

01:00:58 PM 195,9 164,0 31,9 278,9 195,9 0,0 284,1 182,9 -13,0 286,2 192,2 3,6 283,5

01:05:41 PM 197,9 164,0 33,9 275,7 197,9 0,0 291,6 185,6 -12,3 297,4 192,2 5,7 288,9

01:10:25 PM 197,8 164,0 33,8 276,4 197,8 0,0 284,6 185,6 -12,2 287,6 192,2 5,6 283,3

01:15:10 PM 200,0 164,0 36,0 282,1 200,0 0,0 287,0 185,6 -14,4 288,9 195,7 4,4 286,4

01:20:27 PM 202,0 164,0 38,0 283,1 202,0 0,0 294,2 188,3 -13,7 298,2 195,7 6,4 292,3

01:25:13 PM 201,9 164,0 37,9 285,3 201,9 0,0 303,9 188,3 -13,6 310,6 195,7 6,3 300,8

01:30:59 PM 204,0 164,0 40,0 279,2 204,0 0,0 304,3 188,3 -15,7 314,1 199,3 4,8 301,3

01:35:45 PM 206,0 164,0 42,0 276,4 206,0 0,0 303,7 191,0 -15,0 313,5 199,3 6,7 299,4

01:40:32 PM 205,9 164,0 41,9 286,4 205,9 0,0 288,5 191,0 -14,9 289,2 199,3 6,6 288,1

01:45:20 PM 207,9 164,0 43,9 282,8 207,9 0,0 301,2 191,0 -16,9 308,2 202,8 5,0 299,1

01:50:08 PM 209,7 164,0 45,7 275,7 209,7 0,0 302,6 193,7 -16,0 312,1 202,8 6,8 298,6

01:55:34 PM 209,6 164,0 45,6 277,4 209,6 0,0 292,4 193,7 -15,9 297,7 202,8 6,7 290,2

02:00:23 PM 211,5 164,0 47,5 271,8 211,5 0,0 293,9 193,7 -17,8 302,2 206,4 5,1 291,5

02:05:25 PM 213,2 164,0 49,2 281,7 213,2 0,0 294,6 196,4 -16,8 299,0 206,4 6,8 292,8

02:10:22 PM 213,1 164,0 49,1 271,5 213,1 0,0 277,4 196,4 -16,7 279,4 206,4 6,7 276,6

02:15:21 PM 214,9 164,0 50,9 264,2 214,9 0,0 270,2 196,4 -18,5 272,3 209,8 5,2 269,6

02:20:19 PM 216,3 164,0 52,3 281,3 216,3 0,0 283,4 199,1 -17,2 284,1 209,8 6,5 283,2

02:25:22 PM 216,1 164,0 52,1 273,6 216,1 0,0 280,6 199,1 -17,0 282,8 209,8 6,4 279,7

02:30:18 PM 217,6 164,0 53,6 277,1 217,6 0,0 277,1 199,1 -18,5 277,1 213,1 4,5 277,1

02:35:24 PM 218,6 164,0 54,6 273,2 218,6 0,0 272,8 201,8 -16,8 272,7 213,1 5,5 272,9

02:40:24 PM 218,5 164,0 54,5 267,3 218,5 0,0 267,6 201,8 -16,7 267,7 213,1 5,4 267,6

02:45:35 PM 219,6 164,0 55,6 263,8 219,6 0,0 262,1 201,8 -17,8 261,6 216,3 3,3 262,2

02:50:08 PM 221,1 164,0 57,1 263,5 221,1 0,0 261,8 204,5 -16,6 261,3 216,3 4,8 261,9

02:55:24 PM 221,0 164,0 57,0 258,3 221,0 0,0 257,3 204,5 -16,5 257,1 216,3 4,7 257,4

03:00:32 PM 222,6 164,0 58,6 239,0 222,6 0,0 262,8 204,5 -18,1 270,1 219,4 3,1 261,5

03:05:41 PM 223,9 164,0 59,9 235,1 223,9 0,0 264,0 207,2 -16,7 272,1 219,4 4,5 261,8

03:10:48 PM 223,8 164,0 59,8 215,5 223,8 0,0 257,8 207,2 -16,6 269,6 219,4 4,4 254,7

03:15:57 PM 225,3 164,0 61,3 210,2 225,3 0,0 252,1 207,2 -18,1 264,5 222,5 2,8 250,2

03:20:04 PM 226,6 164,0 62,6 205,0 226,6 0,0 261,4 209,9 -16,7 276,5 222,5 4,1 257,7
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03:25:13 PM 226,5 164,0 62,5 207,6 226,5 0,0 264,7 209,9 -16,6 279,8 222,5 4,0 261,0

03:30:19 PM 228,0 164,0 64,0 185,4 228,0 0,0 261,8 209,9 -18,1 283,4 225,7 2,3 259,1

03:35:19 PM 229,2 164,0 65,2 175,4 229,2 0,0 260,2 212,6 -16,6 281,8 225,7 3,5 255,7

03:40:22 PM 229,1 164,0 65,1 155,6 229,1 0,0 255,9 212,6 -16,5 281,2 225,7 3,4 250,6

03:45:28 PM 230,4 164,0 66,4 157,1 230,4 0,0 253,4 212,6 -17,8 279,2 228,7 1,7 251,0

03:50:31 PM 231,6 164,0 67,6 139,1 231,6 0,0 255,5 215,3 -16,3 283,5 228,7 2,8 250,6

03:55:34 PM 231,4 164,0 67,4 140,0 231,4 0,0 257,2 215,3 -16,1 285,2 228,7 2,7 252,5

04:00:04 PM 232,7 164,0 68,7 125,2 232,7 0,0 260,5 215,3 -17,4 294,8 231,8 0,9 258,8

04:05:15 PM 233,8 164,0 69,8 128,8 233,8 0,0 260,0 218,0 -15,8 289,7 231,8 2,0 256,3

04:10:25 PM 233,7 164,0 69,7 124,2 233,7 0,0 260,0 218,0 -15,7 290,6 231,8 1,9 256,4

04:15:37 PM 234,9 164,0 70,9 120,1 234,9 0,0 258,0 218,0 -16,9 290,9 234,9 0,0 257,9

04:20:47 PM 236,1 164,0 72,1 109,7 236,1 0,0 258,8 220,7 -15,4 290,6 234,9 1,1 256,5

04:25:58 PM 236,0 164,0 72,0 97,1 236,0 0,0 239,8 220,7 -15,3 270,0 234,9 1,0 237,8

04:30:11 PM 237,3 164,0 73,3 84,8 237,3 0,0 252,0 220,7 -16,6 289,8 237,9 0,7 250,5

04:35:14 PM 238,1 164,0 74,1 73,6 238,1 0,0 246,7 223,4 -14,7 281,2 237,9 0,2 246,3

04:40:35 PM 238,0 164,0 74,0 64,3 238,0 0,0 233,4 223,4 -14,6 266,8 237,9 0,1 233,2

04:45:28 PM 239,0 164,0 75,0 64,9 239,0 0,0 217,4 223,4 -15,6 249,2 240,7 1,7 213,9

04:50:16 PM 239,5 164,0 75,5 65,8 239,5 0,0 210,1 226,1 -13,4 235,7 240,7 1,2 207,7

04:55:29 PM 239,4 164,0 75,4 44,7 239,4 0,0 196,4 226,1 -13,3 223,1 240,7 1,4 193,7

05:00:50 PM 240,0 164,0 76,0 45,1 240,0 0,0 187,7 226,1 -13,9 213,8 243,1 3,1 181,8

05:05:13 PM 240,9 164,0 76,9 32,2 240,9 0,0 187,0 228,8 -12,1 211,3 243,1 2,2 182,5

05:10:35 PM 240,7 164,0 76,7 26,8 240,7 0,0 174,2 228,8 -11,9 197,1 243,1 2,4 169,7

05:15:07 PM 241,8 164,0 77,8 19,5 241,8 0,0 167,8 228,8 -13,0 192,5 245,2 3,5 161,2

05:20:20 PM 242,6 164,0 78,6 16,0 242,6 0,0 157,3 231,5 -11,1 177,3 245,2 2,6 152,6

05:25:35 PM 242,5 164,0 78,5 16,5 242,5 0,0 136,2 231,5 -11,0 152,9 245,2 2,7 132,0

05:30:53 PM 243,5 164,0 79,5 13,5 243,5 0,0 126,3 231,5 -12,0 143,2 246,9 3,4 121,4

05:35:08 PM 244,3 164,0 80,3 10,4 244,3 0,0 115,6 234,2 -10,1 128,7 246,9 2,6 112,1

05:40:24 PM 244,1 164,0 80,1 8,0 244,1 0,0 77,3 234,2 -9,9 85,9 246,9 2,7 74,9

05:45:01 PM 245,1 164,0 81,1 4,5 245,1 0,0 88,9 234,2 -10,9 100,2 248,0 2,9 85,8

05:50:19 PM 245,9 164,0 81,9 5,7 245,9 0,0 86,5 236,9 -9,0 95,3 248,0 2,2 84,4

05:55:36 PM 245,7 164,0 81,7 3,0 245,7 0,0 15,3 236,9 -8,8 16,6 248,0 2,3 15,0

06:00:23 PM 246,6 164,0 82,6 0,4 246,6 0,0 41,4 236,9 -9,7 46,3 248,6 1,9 40,5
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06:00:23 AM 110,7 164,0 53,3 0,5 110,7 0,0 41,4 110 -0,7 41,9

06:05:35 AM 111,4 164,0 52,6 0,6 111,4 0,0 73,1 110 -1,4 75,1

06:10:51 AM 111,3 164,0 52,7 4,7 111,3 0,0 89,9 110 -1,3 92,1

06:15:08 AM 112,1 164,0 51,9 1,9 112,1 0,0 120,0 111,9 -0,2 120,5

06:20:06 AM 112,9 164,0 51,1 2,1 112,9 0,0 147,3 111,9 -1,0 150,1

06:25:21 AM 112,8 164,0 51,2 4,5 112,8 0,0 173,3 111,9 -0,9 176,3

06:30:40 AM 113,6 164,0 50,4 5,2 113,6 0,0 203,5 113,8 0,2 202,8

06:35:00 AM 114,4 164,0 49,6 5,8 114,4 0,0 233,2 113,8 -0,6 235,9

06:40:00 AM 114,3 164,0 49,7 6,2 114,3 0,0 248,3 113,8 -0,5 250,9

06:45:18 AM 115,2 164,0 48,8 8,0 115,2 0,0 251,6 115,7 0,5 249,0

06:50:41 AM 116,0 164,0 48,0 8,2 116,0 0,0 250,3 115,7 -0,3 251,8

06:55:05 AM 115,9 164,0 48,1 8,1 115,9 0,0 251,6 115,7 -0,2 252,8

07:00:07 AM 116,8 164,0 47,2 10,2 116,8 0,0 264,0 117,6 0,8 259,8

07:05:29 AM 117,7 164,0 46,3 10,2 117,7 0,0 264,4 117,6 -0,1 264,8

07:10:54 AM 117,6 164,0 46,4 11,6 117,6 0,0 274,7 117,6 0,0 274,8

07:15:21 AM 118,5 164,0 45,5 12,7 118,5 0,0 276,2 119,5 1,0 270,7

07:20:25 AM 119,4 164,0 44,6 15,1 119,4 0,0 275,9 119,5 0,1 275,5

07:25:50 AM 119,4 164,0 44,6 24,6 119,4 0,0 277,6 119,5 0,1 276,9

07:30:18 AM 120,4 164,0 43,7 26,2 120,4 0,0 280,1 121,4 1,1 274,0

07:35:24 AM 121,3 164,0 42,7 26,0 121,3 0,0 287,7 121,4 0,1 287,1

07:40:54 AM 121,2 164,0 42,8 28,1 121,2 0,0 292,1 121,4 0,2 291,1

07:45:08 AM 122,3 164,0 41,7 51,2 122,3 0,0 297,4 123,3 1,0 291,2

07:50:47 AM 123,3 164,0 40,7 51,7 123,3 0,0 296,4 123,3 0,0 296,2

07:55:19 AM 123,2 164,0 40,8 57,4 123,2 0,0 293,7 123,3 0,1 293,2

08:00:29 AM 124,3 164,0 39,7 66,5 124,3 0,0 293,6 125,2 0,9 288,3

08:06:04 AM 125,3 164,0 38,7 83,2 125,3 0,0 295,9 125,2 -0,1 296,7

08:10:15 AM 125,3 164,0 38,7 92,1 125,3 0,0 293,6 125,2 -0,1 294,0

08:15:47 AM 126,4 164,0 37,6 94,7 126,4 0,0 297,1 127,1 0,7 293,3

08:20:23 AM 127,5 164,0 36,5 103,3 127,5 0,0 296,6 127,1 -0,4 299,0

08:25:36 AM 127,5 164,0 36,5 115,3 127,5 0,0 293,8 127,1 -0,4 295,7

08:30:14 AM 128,7 164,0 35,3 123,2 128,7 0,0 297,2 129 0,3 295,6

08:35:27 AM 129,9 164,0 34,1 128,2 129,9 0,0 291,8 129 -0,9 296,0

08:40:03 AM 129,8 164,0 34,2 126,5 129,8 0,0 291,6 129 -0,8 295,5

08:45:18 AM 131,1 164,0 32,9 145,0 131,1 0,0 296,5 130,9 -0,2 297,3

08:50:00 AM 132,4 164,0 31,6 156,5 132,4 0,0 291,9 130,9 -1,5 298,2

Single cloud day

Annexure E
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08:55:16 AM 132,3 164,0 31,7 166,0 132,3 0,0 297,4 130,9 -1,4 303,2

09:00:59 AM 133,6 164,0 30,4 173,7 133,6 0,0 294,3 132,8 -0,8 297,6

09:05:16 AM 135,0 164,0 29,0 183,4 135,0 0,0 293,1 132,8 -2,2 301,5

09:10:57 AM 134,9 164,0 29,1 190,6 134,9 0,0 291,0 132,8 -2,1 298,3

09:15:16 AM 136,4 164,0 27,6 205,6 136,4 0,0 297,9 135,8 -0,6 299,8

09:20:15 AM 137,8 164,0 26,2 219,5 137,8 0,0 296,6 135,8 -2,0 302,5

09:25:46 AM 137,7 164,0 26,3 216,6 137,7 0,0 288,1 135,8 -1,9 293,4

09:30:18 AM 139,3 164,0 24,7 227,5 139,3 0,0 295,0 138,8 -0,5 296,2

09:35:23 AM 140,8 164,0 23,2 233,7 140,8 0,0 289,9 138,8 -2,0 294,8

09:40:58 AM 140,7 164,0 23,3 264,1 140,7 0,0 297,9 138,8 -1,9 300,7

09:45:32 AM 142,4 164,0 21,7 251,8 142,4 0,0 291,8 141,8 -0,5 292,8

09:50:06 AM 144,0 164,0 20,0 251,5 144,0 0,0 289,4 141,8 -2,2 293,5

09:55:11 AM 143,9 164,0 20,1 254,2 143,9 0,0 289,7 141,8 -2,1 293,5

10:00:46 AM 145,6 164,0 18,4 264,8 145,6 0,0 291,2 144,8 -0,8 292,4

10:05:23 AM 147,4 164,0 16,6 258,3 147,4 0,0 288,4 144,8 -2,6 293,1

10:10:01 AM 147,3 164,0 16,7 299,0 147,3 0,0 309,2 144,8 -2,5 310,7

10:15:11 AM 149,1 164,0 14,9 298,5 149,1 0,0 296,8 148,6 -0,5 296,7

10:20:50 AM 150,9 164,0 13,1 296,3 150,9 0,0 295,2 148,6 -2,3 295,0

10:25:28 AM 150,8 164,0 13,2 297,0 150,8 0,0 296,2 148,6 -2,2 296,0

10:30:07 AM 152,8 164,0 11,2 293,2 152,8 0,0 294,8 152,4 -0,4 294,9

10:35:19 AM 154,7 164,0 9,3 291,6 154,7 0,0 292,3 152,4 -2,3 292,4

10:40:58 AM 154,6 164,0 9,4 295,7 154,6 0,0 295,2 152,4 -2,2 295,0

10:45:39 AM 156,6 164,0 7,4 299,5 156,6 0,0 298,1 156,2 -0,4 298,0

10:50:17 AM 158,6 164,0 5,4 295,1 158,6 0,0 294,8 156,2 -2,4 294,7

10:55:36 AM 158,6 164,0 5,4 290,0 158,6 0,0 290,8 156,2 -2,4 291,2

11:00:13 AM 160,7 164,0 3,3 289,1 160,7 0,0 291,5 160 -0,7 292,0

11:05:43 AM 162,8 164,0 1,2 297,2 162,8 0,0 297,4 160 -2,8 297,9

11:10:13 AM 162,7 164,0 1,3 296,6 162,7 0,0 295,2 160 -2,7 292,3

11:15:15 AM 164,9 164,0 0,9 291,7 164,9 0,0 290,4 164,4 -0,5 289,8

11:20:45 AM 167,0 164,0 3,0 286,2 167,0 0,0 287,2 164,4 -2,6 288,0

11:25:17 AM 166,9 164,0 2,9 293,8 166,9 0,0 295,5 164,4 -2,5 297,0

11:30:22 AM 169,2 164,0 5,2 288,8 169,2 0,0 289,4 168,8 -0,4 289,4

11:35:55 AM 171,4 164,0 7,4 297,0 171,4 0,0 296,6 168,8 -2,6 296,5

11:40:28 AM 171,3 164,0 7,3 294,1 171,3 0,0 295,5 168,8 -2,5 296,0

11:45:02 AM 173,6 164,0 9,6 293,9 173,6 0,0 292,1 173,2 -0,4 292,0

11:50:06 AM 175,9 164,0 11,9 282,5 175,9 0,0 283,2 173,2 -2,7 283,3

11:55:50 AM 175,8 164,0 11,8 293,2 175,8 0,0 294,8 173,2 -2,6 295,2

12:00:32 PM 178,1 164,0 14,1 298,1 178,1 0,0 297,0 177,6 -0,5 297,0

12:05:20 PM 180,4 164,0 16,4 289,6 180,4 0,0 290,1 177,6 -2,8 290,2

12:10:30 PM 180,3 164,0 16,3 293,7 180,3 0,0 294,4 177,6 -2,7 294,6

12:15:40 PM 182,6 164,0 18,6 299,2 182,6 0,0 300,3 181,7 -0,9 300,4

12:20:00 PM 184,9 164,0 20,9 304,2 184,9 0,0 303,3 181,7 -3,2 303,1

12:25:01 PM 184,8 164,0 20,8 296,3 184,8 0,0 298,8 181,7 -3,1 299,2

12:30:15 PM 187,1 164,0 23,1 303,1 187,1 0,0 303,3 185,8 -1,3 303,3

12:35:55 PM 189,3 164,0 25,3 304,0 189,3 0,0 306,2 185,8 -3,5 306,5

12:40:35 PM 189,2 164,0 25,2 299,7 189,2 0,0 299,6 185,8 -3,4 299,5

12:45:17 PM 191,6 164,0 27,6 296,7 191,6 0,0 296,1 189,9 -1,6 296,0
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12:50:33 PM 193,7 164,0 29,7 296,7 193,7 0,0 293,9 189,9 -3,8 293,5

12:55:15 PM 193,6 164,0 29,6 299,2 193,6 0,0 297,0 189,9 -3,7 296,7

01:00:58 PM 195,9 164,0 31,9 293,4 195,9 0,0 294,6 194 -1,9 294,7

01:05:41 PM 197,9 164,0 33,9 297,3 197,9 0,0 298,1 194 -3,9 298,2

01:10:25 PM 197,8 164,0 33,8 300,1 197,8 0,0 301,9 194 -3,8 302,1

01:15:10 PM 200,0 164,0 36,0 298,8 200,0 0,0 298,8 197,9 -2,1 298,8

01:20:27 PM 202,0 164,0 38,0 287,3 202,0 0,0 295,2 197,9 -4,1 296,0

01:25:13 PM 201,9 164,0 37,9 296,9 201,9 0,0 296,7 197,9 -4,0 296,7

01:30:59 PM 204,0 164,0 40,0 295,9 204,0 0,0 295,2 201,8 -2,2 295,2

01:35:45 PM 206,0 164,0 42,0 292,7 206,0 0,0 292,1 201,8 -4,2 292,0

01:40:32 PM 205,9 164,0 41,9 291,0 205,9 0,0 292,6 201,8 -4,1 292,8

01:45:20 PM 207,9 164,0 43,9 295,4 207,9 0,0 296,5 205,7 -2,2 296,6

01:50:08 PM 209,7 164,0 45,7 298,4 209,7 0,0 298,8 205,7 -4,0 298,8

01:55:34 PM 209,6 164,0 45,6 293,9 209,6 0,0 294,0 205,7 -3,9 294,1

02:00:23 PM 211,5 164,0 47,5 290,5 211,5 0,0 289,7 209,6 -1,9 289,6

02:05:25 PM 213,2 164,0 49,2 292,4 213,2 0,0 293,3 209,6 -3,6 293,4

02:10:22 PM 213,1 164,0 49,1 295,1 213,1 0,0 296,3 209,6 -3,5 296,3

02:15:21 PM 214,9 164,0 50,9 296,7 214,9 0,0 295,4 212,7 -2,2 295,4

02:20:19 PM 216,3 164,0 52,3 289,5 216,3 0,0 290,4 212,7 -3,6 290,5

02:25:22 PM 216,1 164,0 52,1 291,0 216,1 0,0 289,3 212,7 -3,4 289,1

02:30:18 PM 217,6 164,0 53,6 290,0 217,6 0,0 294,1 215,8 -1,8 294,2

02:35:24 PM 218,6 164,0 54,6 290,7 218,6 0,0 290,8 215,8 -2,8 290,8

02:40:24 PM 218,5 164,0 54,5 267,9 218,5 0,0 284,0 215,8 -2,7 284,8

02:45:35 PM 219,6 164,0 55,6 74,7 219,6 0,0 74,7 218,9 -0,7 74,7

02:50:08 PM 221,1 164,0 57,1 66,7 221,1 0,0 66,7 218,9 -2,2 66,7

02:55:24 PM 221,0 164,0 57,0 12,9 221,0 0,0 12,9 218,9 -2,1 12,9

03:00:32 PM 222,6 164,0 58,6 239,0 222,6 0,0 296,0 222 -0,6 296,6

03:05:41 PM 223,9 164,0 59,9 285,1 223,9 0,0 295,4 222 -1,9 295,7

03:10:48 PM 223,8 164,0 59,8 285,5 223,8 0,0 293,0 222 -1,8 293,3

03:15:57 PM 225,3 164,0 61,3 270,2 225,3 0,0 289,4 224,5 -0,8 289,6

03:20:04 PM 226,6 164,0 62,6 268,0 226,6 0,0 288,2 224,5 -2,1 288,9

03:25:13 PM 226,5 164,0 62,5 263,6 226,5 0,0 283,5 224,5 -2,0 284,1

03:30:19 PM 228,0 164,0 64,0 252,4 228,0 0,0 279,7 227 -1,0 280,1

03:35:19 PM 229,2 164,0 65,2 245,4 229,2 0,0 293,8 227 -2,2 295,5

03:40:22 PM 229,1 164,0 65,1 242,6 229,1 0,0 294,6 227 -2,1 296,2

03:45:28 PM 230,4 164,0 66,4 239,1 230,4 0,0 297,4 229,5 -0,9 298,2

03:50:31 PM 231,6 164,0 67,6 237,1 231,6 0,0 297,3 229,5 -2,1 299,1

03:55:34 PM 231,4 164,0 67,4 230,0 231,4 0,0 292,5 229,5 -1,9 294,3

04:00:04 PM 232,7 164,0 68,7 225,2 232,7 0,0 291,9 232 -0,7 292,6

04:05:15 PM 233,8 164,0 69,8 218,8 233,8 0,0 296,9 232 -1,8 298,9

04:10:25 PM 233,7 164,0 69,7 212,2 233,7 0,0 296,6 232 -1,7 298,7

04:15:37 PM 234,9 164,0 70,9 206,1 234,9 0,0 295,9 233,8 -1,1 297,3

04:20:47 PM 236,1 164,0 72,1 179,7 236,1 0,0 295,0 233,8 -2,3 298,6

04:25:58 PM 236,0 164,0 72,0 172,1 236,0 0,0 293,8 233,8 -2,2 297,4

04:30:11 PM 237,3 164,0 73,3 169,8 237,3 0,0 292,0 235,6 -1,7 294,8

04:35:14 PM 238,1 164,0 74,1 157,6 238,1 0,0 290,7 235,6 -2,5 295,3

04:40:35 PM 238,0 164,0 74,0 146,3 238,0 0,0 284,4 235,6 -2,4 288,9
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04:45:28 PM 239,0 164,0 75,0 138,9 239,0 0,0 284,4 237,4 -1,6 287,5

04:50:16 PM 239,5 164,0 75,5 122,8 239,5 0,0 282,1 237,4 -2,1 286,5

04:55:29 PM 239,4 164,0 75,4 108,7 239,4 0,0 270,4 237,4 -2,0 274,6

05:00:50 PM 240,0 164,0 76,0 84,1 240,0 0,0 267,7 239,2 -0,8 269,6

05:05:13 PM 240,9 164,0 76,9 82,2 240,9 0,0 267,0 239,2 -1,7 271,0

05:10:35 PM 240,7 164,0 76,7 56,8 240,7 0,0 254,2 239,2 -1,5 258,1

05:15:07 PM 241,8 164,0 77,8 49,5 241,8 0,0 237,8 241 -0,7 239,7

05:20:20 PM 242,6 164,0 78,6 46,0 242,6 0,0 247,3 241 -1,6 251,4

05:25:35 PM 242,5 164,0 78,5 36,5 242,5 0,0 236,2 241 -1,5 240,0

05:30:53 PM 243,5 164,0 79,5 33,5 243,5 0,0 226,3 242,8 -0,7 227,9

05:35:08 PM 244,3 164,0 80,3 10,4 244,3 0,0 215,6 242,8 -1,5 219,3

05:40:24 PM 244,1 164,0 80,1 8,0 244,1 0,0 197,3 242,8 -1,3 200,5

05:45:01 PM 245,1 164,0 81,1 4,5 245,1 0,0 118,9 244,6 -0,5 119,6

05:50:19 PM 245,9 164,0 81,9 5,7 245,9 0,0 86,5 244,6 -1,3 87,7

05:55:36 PM 245,7 164,0 81,7 3,0 245,7 0,0 55,3 244,6 -1,1 56,0

06:00:23 PM 246,6 164,0 82,6 0,4 246,6 0,0 41,4 246,6 0,0 41,4
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06:00:23 AM 110,7 0,2 110,5 0,2 110,7 0,0 91,2 110,7 0,0 91,2

06:05:35 AM 111,4 0,3 111,1 0,3 111,4 0,0 123,2 110,7 -0,7 124,0

06:10:51 AM 111,3 0,4 111,0 0,4 111,3 0,0 154,5 110,7 -0,7 155,4

06:15:08 AM 112,1 0,5 111,6 0,5 112,1 0,0 178,1 112,1 0,0 178,1

06:20:06 AM 112,9 0,9 112,0 0,9 112,9 0,0 205,1 112,1 -0,8 206,5

06:25:21 AM 112,8 1,4 111,4 1,4 112,8 0,0 232,8 112,1 -0,7 234,2

06:30:40 AM 113,6 2,2 111,5 2,2 113,6 0,0 250,6 113,6 0,0 250,6

06:35:00 AM 114,4 3,0 111,4 3,0 114,4 0,0 259,8 113,6 -0,8 261,6

06:40:00 AM 114,3 4,4 109,9 4,4 114,3 0,0 271,2 113,6 -0,7 273,0

06:45:18 AM 115,2 6,3 108,9 6,3 115,2 0,0 275,8 115,2 0,0 275,8

06:50:41 AM 116,0 8,1 107,9 8,1 116,0 0,0 279,0 115,2 -0,8 281,0

06:55:05 AM 115,9 10,7 105,3 10,7 115,9 0,0 281,5 115,2 -0,8 283,4

07:00:07 AM 116,8 14,1 102,7 14,1 116,8 0,0 284,2 116,8 0,0 284,2

07:05:29 AM 117,7 16,9 100,7 16,9 117,7 0,0 283,7 116,8 -0,9 286,0

07:10:54 AM 117,6 21,1 96,5 21,1 117,6 0,0 285,9 116,8 -0,8 288,1

07:15:21 AM 118,5 26,1 92,5 26,1 118,5 0,0 285,2 118,5 0,0 285,2

07:20:25 AM 119,4 29,9 89,6 29,9 119,4 0,0 286,3 118,5 -0,9 288,9

07:25:50 AM 119,4 36,1 83,3 36,1 119,4 0,0 285,0 118,5 -0,8 287,5

07:30:18 AM 120,4 41,0 79,4 41,0 120,4 0,0 286,2 120,4 0,0 286,2

07:35:24 AM 121,3 48,3 73,0 48,3 121,3 0,0 284,3 120,4 -1,0 287,4

07:40:54 AM 121,2 55,5 65,7 55,5 121,2 0,0 284,6 120,4 -0,9 287,7

07:45:08 AM 122,3 61,6 60,7 61,6 122,3 0,0 286,1 122,3 0,0 286,1

07:50:47 AM 123,3 70,0 53,3 70,0 123,3 0,0 284,5 122,3 -1,0 288,6

07:55:19 AM 123,2 76,7 46,5 76,7 123,2 0,0 285,8 122,3 -0,9 290,1

08:00:29 AM 124,3 85,3 38,9 85,3 124,3 0,0 285,1 124,3 0,0 285,1

08:06:04 AM 125,3 92,2 33,2 92,2 125,3 0,0 284,8 124,3 -1,1 291,0

08:10:15 AM 125,3 102,2 23,1 102,2 125,3 0,0 284,2 124,3 -1,0 292,1

08:15:47 AM 126,4 109,6 16,8 109,6 126,4 0,0 284,2 126,4 0,0 284,2

08:20:23 AM 127,5 120,6 7,0 120,6 127,5 0,0 285,0 126,4 -1,1 311,9

08:25:36 AM 127,5 139,6 12,1 129,6 127,5 0,0 285,8 126,4 -1,1 299,5

08:30:14 AM 128,7 141,5 12,8 141,5 128,7 0,0 281,1 128,7 0,0 281,1

08:35:27 AM 129,9 151,3 21,4 151,3 129,9 0,0 289,7 128,7 -1,2 297,4

08:40:03 AM 129,8 163,0 33,2 163,0 129,8 0,0 285,9 128,7 -1,1 290,1

08:45:18 AM 131,1 172,3 41,3 172,3 131,1 0,0 286,1 131,1 0,0 286,1

08:50:00 AM 132,4 185,1 52,8 185,1 132,4 0,0 286,5 131,1 -1,3 289,0

08:55:16 AM 132,3 192,7 60,4 192,7 132,3 0,0 284,9 131,1 -1,2 286,7

09:00:59 AM 133,6 203,8 70,2 203,8 133,6 0,0 284,6 133,6 0,0 284,6
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09:05:16 AM 135,0 213,3 78,3 213,3 135,0 0,0 282,9 133,6 -1,4 284,1

09:10:57 AM 134,9 222,4 87,5 222,4 134,9 0,0 288,1 133,6 -1,3 289,0

09:15:16 AM 136,4 228,5 92,1 228,5 136,4 0,0 283,3 136,4 0,0 283,3

09:20:15 AM 137,8 237,6 99,7 237,6 137,8 0,0 289,3 136,4 -1,4 290,0

09:25:46 AM 137,7 243,8 106,1 243,8 137,7 0,0 285,6 136,4 -1,4 286,1

09:30:18 AM 139,3 245,5 106,2 245,5 139,3 0,0 282,8 139,3 0,0 282,8

09:35:23 AM 140,8 252,2 111,4 252,2 140,8 0,0 284,7 139,3 -1,5 285,2

09:40:58 AM 140,7 256,6 115,9 256,6 140,7 0,0 284,0 139,3 -1,5 284,4

09:45:32 AM 142,4 257,3 114,9 257,3 142,4 0,0 283,6 142,4 0,0 283,6

09:50:06 AM 144,0 260,4 116,4 260,4 144,0 0,0 287,3 142,4 -1,6 287,6

09:55:11 AM 143,9 266,6 122,7 266,6 143,9 0,0 288,1 142,4 -1,6 288,4

10:00:46 AM 145,6 265,9 120,3 265,9 145,6 0,0 287,9 145,6 0,0 287,9

10:05:23 AM 147,4 269,0 121,7 269,0 147,4 0,0 285,8 145,6 -1,7 286,0

10:10:01 AM 147,3 269,0 121,7 269,0 147,3 0,0 282,9 145,6 -1,7 283,1

10:15:11 AM 149,1 272,9 123,8 272,9 149,1 0,0 284,0 149,1 0,0 284,0

10:20:50 AM 150,9 276,4 125,5 276,4 150,9 0,0 285,8 149,1 -1,8 285,9

10:25:28 AM 150,8 274,6 123,8 274,6 150,8 0,0 284,0 149,1 -1,8 284,1

10:30:07 AM 152,8 278,5 125,7 278,5 152,8 0,0 286,1 152,8 0,0 286,1

10:35:19 AM 154,7 275,7 121,0 275,7 154,7 0,0 282,9 152,8 -1,9 283,0

10:40:58 AM 154,6 279,9 125,3 279,9 154,6 0,0 287,2 152,8 -1,9 287,3

10:45:39 AM 156,6 275,0 118,3 275,0 156,6 0,0 282,2 156,6 0,0 282,2

10:50:17 AM 158,6 276,4 117,7 276,4 158,6 0,0 283,2 156,6 -2,0 283,4

10:55:36 AM 158,6 280,6 122,1 280,6 158,6 0,0 286,5 156,6 -1,9 286,6

11:00:13 AM 160,7 276,7 116,1 276,7 160,7 0,0 284,7 160,7 0,0 284,7

11:05:43 AM 162,8 278,1 115,4 278,1 162,8 0,0 284,7 160,7 -2,1 284,8

11:10:13 AM 162,7 277,4 114,8 277,4 162,7 0,0 282,2 160,7 -2,0 282,3

11:15:15 AM 164,9 278,1 113,3 278,1 164,9 0,0 281,5 164,9 0,0 281,5

11:20:45 AM 167,0 284,2 117,2 284,2 167,0 0,0 287,9 164,9 -2,2 288,0

11:25:17 AM 166,9 286,4 119,4 286,4 166,9 0,0 289,7 164,9 -2,1 289,8

11:30:22 AM 169,2 288,5 119,3 288,5 169,2 0,0 291,9 169,2 0,0 291,9

11:35:55 AM 171,4 285,3 113,9 285,3 171,4 0,0 289,0 169,2 -2,2 289,1

11:40:28 AM 171,3 281,0 109,7 281,0 171,3 0,0 283,2 169,2 -2,1 283,3

11:45:02 AM 173,6 276,7 103,1 276,7 173,6 0,0 280,0 173,6 0,0 280,0

11:50:06 AM 175,9 279,2 103,3 279,2 175,9 0,0 282,2 173,6 -2,2 282,2

11:55:50 AM 175,8 285,6 109,9 285,6 175,8 0,0 289,4 173,6 -2,2 289,4

12:00:32 PM 178,1 282,8 104,7 282,8 178,1 0,0 287,9 178,1 0,0 287,9

12:05:20 PM 180,4 279,2 98,8 279,2 180,4 0,0 282,2 178,1 -2,3 282,2

12:10:30 PM 180,3 283,1 102,8 283,1 180,3 0,0 284,7 178,1 -2,2 284,7

12:15:40 PM 182,6 287,4 104,8 287,4 182,6 0,0 288,6 182,6 0,0 288,6

12:20:00 PM 184,9 279,9 95,0 279,9 184,9 0,0 282,5 182,6 -2,2 282,6

12:25:01 PM 184,8 277,8 93,0 277,8 184,8 0,0 281,1 182,6 -2,2 281,2

12:30:15 PM 187,1 282,4 95,3 282,4 187,1 0,0 284,7 187,1 0,0 284,7

12:35:55 PM 189,3 285,3 95,9 285,3 189,3 0,0 284,0 187,1 -2,2 283,9

12:40:35 PM 189,2 283,5 94,2 283,5 189,2 0,0 285,0 187,1 -2,1 285,1

12:45:17 PM 191,6 283,1 91,6 283,1 191,6 0,0 285,0 191,6 0,0 285,0

12:50:33 PM 193,7 281,3 87,6 281,3 193,7 0,0 282,2 191,6 -2,2 282,2

12:55:15 PM 193,6 277,4 83,8 277,4 193,6 0,0 279,3 191,6 -2,1 279,4
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01:00:58 PM 195,9 273,6 77,7 273,6 195,9 0,0 275,8 195,9 0,0 275,8

01:05:41 PM 197,9 281,7 83,8 281,7 197,9 0,0 285,4 195,9 -2,1 285,5

01:10:25 PM 197,8 278,9 81,0 278,9 197,8 0,0 282,9 195,9 -2,0 283,0

01:15:10 PM 200,0 286,0 86,0 286,0 200,0 0,0 287,6 200,0 0,0 287,6

01:20:27 PM 202,0 284,2 82,2 284,2 202,0 0,0 286,1 200,0 -2,0 286,2

01:25:13 PM 201,9 278,5 76,6 278,5 201,9 0,0 281,1 200,0 -1,9 281,2

01:30:59 PM 204,0 284,2 80,2 284,2 204,0 0,0 285,4 204,0 0,0 285,4

01:35:45 PM 206,0 283,8 77,9 283,8 206,0 0,0 286,1 204,0 -1,9 286,2

01:40:32 PM 205,9 287,8 81,9 287,8 205,9 0,0 289,0 204,0 -1,8 289,0

01:45:20 PM 207,9 289,6 81,7 289,6 207,9 0,0 290,8 207,9 0,0 290,8

01:50:08 PM 209,7 286,7 77,0 286,7 209,7 0,0 286,1 207,9 -1,8 286,1

01:55:34 PM 209,6 282,4 72,8 282,4 209,6 0,0 280,8 207,9 -1,7 280,7

02:00:23 PM 211,5 277,4 65,9 277,4 211,5 0,0 274,4 211,5 0,0 274,4

02:05:25 PM 213,2 283,8 70,6 283,8 213,2 0,0 282,9 211,5 -1,7 282,9

02:10:22 PM 213,1 278,1 65,0 278,1 213,1 0,0 277,6 211,5 -1,6 277,5

02:15:21 PM 214,9 278,9 63,9 278,9 214,9 0,0 279,0 214,9 0,0 279,0

02:20:19 PM 216,3 278,1 61,9 278,1 216,3 0,0 276,8 214,9 -1,3 276,8

02:25:22 PM 216,1 278,4 62,2 279,6 216,1 0,0 277,9 214,9 -1,2 277,9

02:30:18 PM 217,6 279,6 62,0 283,1 217,6 0,0 279,7 217,6 0,0 279,7

02:35:24 PM 218,6 283,1 64,5 289,2 218,6 0,0 285,4 217,6 -1,0 285,3

02:40:24 PM 218,5 289,2 70,8 285,3 218,5 0,0 274,4 217,6 -0,9 274,2

02:45:35 PM 219,6 285,3 65,7 12,5 219,6 0,0 2,3 219,6 0,0 2,3

02:50:08 PM 221,1 12,5 208,6 274,3 221,1 0,0 269,5 219,6 -1,5 269,4

02:55:24 PM 221,0 274,3 53,3 252,9 221,0 0,0 244,9 219,6 -1,4 244,7

03:00:32 PM 222,6 252,9 30,3 259,7 222,6 0,0 252,0 222,6 0,0 252,0

03:05:41 PM 223,9 259,7 35,7 19,8 223,9 0,0 20,2 222,6 -1,4 20,2

03:10:48 PM 223,8 19,8 204,1 10,8 223,8 0,0 10,7 222,6 -1,3 10,7

03:15:57 PM 225,3 10,8 214,5 251,5 225,3 0,0 11,9 225,3 0,0 11,9

03:20:04 PM 226,6 251,5 24,9 8,9 226,6 0,0 2,2 225,3 -1,3 1,8

03:25:13 PM 226,5 8,9 217,7 15,5 226,5 0,0 3,0 225,3 -1,2 2,9

03:30:19 PM 228,0 15,5 212,5 20,2 228,0 0,0 3,3 228,0 0,0 3,3

03:35:19 PM 229,2 20,2 208,9 232,0 229,2 0,0 11,8 228,0 -1,2 10,5

03:40:22 PM 229,1 232,0 3,0 129,6 229,1 0,0 8,1 228,0 -1,1 -37,5

03:45:28 PM 230,4 129,6 100,8 7,4 230,4 0,0 6,9 230,4 0,0 6,9

03:50:31 PM 231,6 7,4 224,2 189,5 231,6 0,0 221,9 230,4 -1,2 222,0

03:55:34 PM 231,4 189,5 41,9 174,6 231,4 0,0 11,8 230,4 -1,0 7,8

04:00:04 PM 232,7 174,6 58,1 164,9 232,7 0,0 147,2 232,7 0,0 147,2

04:05:15 PM 233,8 164,9 68,9 6,5 233,8 0,0 6,2 232,7 -1,1 6,1

04:10:25 PM 233,7 6,5 227,2 27,3 233,7 0,0 32,3 232,7 -1,0 32,3

04:15:37 PM 234,9 27,3 207,6 122,9 234,9 0,0 11,4 234,9 0,0 11,4

04:20:47 PM 236,1 122,9 113,1 115,7 236,1 0,0 11,6 234,9 -1,2 10,5

04:25:58 PM 236,0 115,7 120,2 112,1 236,0 0,0 11,0 234,9 -1,1 10,1

04:30:11 PM 237,3 112,1 125,1 8,6 237,3 0,0 2,3 237,3 0,0 2,3

04:35:14 PM 238,1 90,4 147,7 101,8 238,1 0,0 8,3 237,3 -0,9 7,8

04:40:35 PM 238,0 8,6 229,5 85,2 238,0 0,0 7,1 237,3 -0,8 6,8

04:45:28 PM 239,0 20,8 218,3 69,8 239,0 0,0 6,3 239,0 0,0 6,3

04:50:16 PM 239,5 101,8 137,7 58,1 239,5 0,0 5,8 239,0 -0,5 5,7
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04:55:29 PM 239,4 85,2 154,2 2,8 239,4 0,0 1,0 239,0 -0,4 1,0

05:00:50 PM 240,0 69,8 170,1 44,7 240,0 0,0 5,3 240,0 0,0 5,3

05:05:13 PM 240,9 58,1 182,7 11,9 240,9 0,0 9,7 240,0 -0,9 9,7

05:10:35 PM 240,7 2,8 238,0 30,6 240,7 0,0 55,7 240,0 -0,8 55,8

05:15:07 PM 241,8 44,7 197,0 24,3 241,8 0,0 42,0 241,8 0,0 42,0

05:20:20 PM 242,6 11,9 230,7 19,3 242,6 0,0 34,6 241,8 -0,9 34,7

05:25:35 PM 242,5 30,6 211,9 16,5 242,5 0,0 31,5 241,8 -0,7 31,6

05:30:53 PM 243,5 24,3 219,1 14,9 243,5 0,0 29,4 243,5 0,0 29,4

05:35:08 PM 244,3 19,3 225,0 11,7 244,3 0,0 24,5 243,5 -0,8 24,5

05:40:24 PM 244,1 16,5 227,6 8,6 244,1 0,0 18,9 243,5 -0,7 19,0

05:45:01 PM 245,1 14,9 230,2 6,1 245,1 0,0 14,3 245,1 0,0 14,3

05:50:19 PM 245,9 11,7 234,1 1,6 245,9 0,0 2,3 245,1 -0,8 2,3

05:55:36 PM 245,7 8,6 237,1 2,0 245,7 0,0 1,9 245,1 -0,7 1,9

06:00:23 PM 246,6 6,1 240,5 0,4 246,6 0,0 1,3 246,6 0,0 1,3
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