DIGITAL PROJECT
Light source tracking for a solar cell
[image: image14.png]POSITIONING

N S

SCANNING

J S

COORDINATES
CALCULATION

S S

MOVE TO LIGHT





group 09  :

Tommaso Bresciani
        E04
821225-P634
supervisor  :

Bertil Lindvall


6 December 2005

Abstract

This is a project report from a course in Digital Systems at the Department of Information Technology at Lund Institute of Technology. The curriculum states that the purpose with this course is to illustrate how developing work can be done in the digital field. During the course a prototype was designed, constructed and tested. The idea is to create a system which is able to find the highest intensity light source in the “sky” and to track it. In this way the solar cell built in the system can always have the maximum efficiency for the output voltage. The hardware that is used in the construction is ATmega 16 microcontroller, alphanumeric LCD display, digital buffer, buttons and others less important component. The result was satisfying and the prototype can handle the tracking of a light source.
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The “basic idea of the project” introduces the topic of the rapport which can be schematized with the “structural sketch”. The “goals of the project” are decided at the beginning of the course and define the working direction. 
The “project description” shows in deeper what is expected by the assignment.

Then the hardware is presented first in a generic way with the “hardware blocks” and the “block schematic”, and than whit a deeper level in the sections “hardware description, mechanic block” and “hardware description, control block”.
The “electronic schematic” and the “component list” help to understand the physical connection, the component used and theirs values. 
A “circuit photo” give an idea of the built board and its realization.
The software code is explained in the “description of the software” with the help of the “block diagram of the software”.

A the and the “results” shows the reached goals of the project.
Basic idea of the project
The project consist of a solar cell mounted on a structure which is able to rotate in both vertical and horizontal direction for tracking a light source.

There are 5 light sensors (phototransistors and photodiodes) close to the solar cell for getting information about the light conditions. One of these has a wide aperture angle while the others four sensors have a quite narrow one.
The horizontal and vertical movements are actuated by two step motors. The system has already integrated the motors driving board.

There are three full stroke sensors for avoiding that the motors try to move the system when is mechanically not possible. This limitation is done by the software which test the sensors values and decide which directions are allowed for the system’s movements.

The LCD display shows the function mode (manual or automatic) and both the horizontal and vertical positions (the first one allows 0-360 and the second one allows 0-90 degrees).
Structural sketch
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Goals of the project
The microcontroller ATmega16 should work without software and hardware conflicts.
The tracking must be fast and efficient.
The system should stop the movements if a full stroke sensor is activated.
Could be great to keep in memory the instantaneous vertical and horizontal positions.
Could be great to be able to switch the tracking from automatic to manual 

(one button for switching mode and four buttons for choosing the directions).
Could be great to have a alphanumeric LCD display for show following information :

· Mode : automatic – manual

· Position : vertical and horizontal

Project description
The basic idea is to find the best position for a solar cell to get the highest efficiency and therefore the highest output voltage. 
5 light sensors can be used as input of the system to get information about the light condition. The software will elaborate the received information and will give the correct signals to the motors for placing the solar cell in the position required. 
There is one light sensor which has a wide aperture angle and is used to get a general overview of the light condition. If the luminosity is not that high it has no sense to try to have information about an hypothetical light source which is not possible to detect.
There are 4 light sensors placed at the 4 corners of the solar cell. They have a narrow aperture angle and their purpose is to find the relative highest light intensity. It is important the concept of the “relative intensity”: for deciding the movement direction, the intensity must be higher on some sensors and lower in the others. It doesn’t matter the mean value, but the differential one, for the decision of the direction.
There will be a lot of software filtering between the sensors values and the correct decision of the movement direction. This topic will be explained in the software part of the relation.
The solar cell can be moved thanks to two step motors. The main advantage of this motors is that the position can be controlled with a good precision (small steps). The only main disadvantage is that the control is more complicated respect to a dc motor. Each motor needs 4 wire connection and it will move only if a correct sequence is applied. Further, the current required is quite high; than an amplification is needed. Each connection is coupled with a BJT transistor which amplifies the base current (from the logic circuit) for achieving a much higher collector current. These BJT are built in the “mechanic block”.
There are two main working mode for the system: manual and automatic.
The manual mode allows to move the solar cell thanks to 4 buttons (one for each direction). If the movement required is mechanically possible (full stroke sensors not active) the software will send a correct sequence to the motors for achieve the required position. 
The automatic mode is chosen by pressing the mode button (the manual mode can be selected by pressing again the same button). In the automatic mode it is not possible to decide externally the direction of the solar cell movements. The microcontroller will choose the movement direction according to the sensors values and the software filtering. If one of the 4 direction button is pressed in this mode it will activate the searching routine. It is a function which scans the “sky” for searching for a light source. During this function the horizontal motor will cover the position from 0 to 360 degrees. In the same time the vertical motor will move the solar cell 90 degrees forward and backward (for three times).During this routine the values of the sensors are filtered and the software will find, at the end, the best position for getting the highest luminosity. The filter algorithm is quite complicated and it will be explained in the software part of the relation. At the end of the routine the microcontroller will lead the motors to achieve the calculated position. 
If the reset button is pressed (for both the manual and automatic modes) the system will move the motors for getting itself in the start position. This routine is called positioning. The start position is : vertical and horizontal  equal to 0 degrees. The positioning routine is also done when the microcontroller is turned on (at the beginning of the software code).
The LCD display is used for having a feedback about the exactly position of the solar cell. It’s main purpose is to show the actual working mode (manual or automatic) and to show the position’s values (horizontal and vertical). During the positioning routine, just the name “positioning” is shown because it has no sense to specify the mode and the position is not defined jet. During the searching routine the name “searching” is shown as well as the positions, but the mode is skipped for the same reason as before.
Hardware blocks
This project has two main hardware blocks :

· the mechanic block, which include

· sensors

· motors

· the control block, which include
· MEGA16 microcontroller
· JTAG interface

· buffer

· buttons

· LCD display
Block schematic
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Hardware description, mechanic block

The mechanic block is supplied with both 12 and 5 volt. The 12 v voltage is needed for the 2 stepping motors while the 5 v voltage is required for the sensors.

It follows a brief description of the two main parts of this block:

The two unipolar step motors are connected to 4 BJT transistor (emitter to ground and collector to the motor) for amplify the current which will be injected in the base. The transistors are BD175 (npn BJT for medium power linear and switching applications).

The base resistors (470Ω) are connected in the control block. The access to the base of the transistors is made with the A2-A9 contacts in the connector JP3. Both the motors are driven with the normal 4 step sequence. 
The 8 light sensors in this block can be divided in 3 groups.
· There are 3 sensors (B7-B9) which are used as a full stroke sensor (each coupled with a light source for avoid mechanic problems). The transmitters are TIL31, while the receivers are TIL81 sensors.
· The B6 sensor is placed close to the solar cell; it has a wide aperture angle and it is used for getting information about the global lighting condition. It is a BPX 63 silicon photodiode. The resistor between anode and ground has the value of 150kΩ .    It is connected in the control block.
· Each of the 4 remaining sensors (B2-B5) is close to one of the 4 corners of the solar cell; they have a very narrow aperture angle and they are used for locating the direction of the highest light source. These sensors are silicon phototransistor of BPY62 type. Each of these four sensors has two resistors connected in parallel between emitter and ground with the equivalent value of 1kΩ .These resistors are connected in the control block.
The access to the sensors is made with the B2-B9 contacts in the connector JP1.
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Hardware description, control block

The control block is supplied with 5 volt.

It follows a brief description of the five main parts of this block:

The Mega16 is a 8 bit Atmel’s microcontroller with 40 pins. 32 of those are used as a input or output pins (8 for the sensors, 8 for the motors, 4 for the JTAG, 5 for the button and 7 for the LCD display). The clock frequency is created by an internal circuit an has the value 1Mhz. It could be faster, but in this project the main program cycle is limited by the maximum rotating speed of the motors (not by the clock frequency), so a higher speed is useless. The analog to digital converter is used for acquiring the data from light sensors (which give an analog voltage). There is an external power on reset circuit (made with a resistor and a capacitor) and a button for forcing the reset condition.
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The JTAG is an interface which links the microcontroller to the computer. It comes handy for the in-circuit programming and the errors discovery in the software code.
The buffer circuit is needed to give a higher current to the motors respect to that one supplied by the microcontroller’s pins. The 8 channels three state buffer is 74HC244.

The buttons are used for move the solar cell and switch between the manual and automatic mode. They are connected between the ground and the input (with internal    pull-up resistor) pins.

The alphanumeric LCD display has 2 lines and 16 columns. It is used for display the mode (manual or automatic) and the position (in degrees) of the solar cell. It is interfaced to the microcontroller with 7 wires (4 highest nibble of data and 3 controls).The lower nibble of data and the contrast are grounded.
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Electronic schematic
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Component list

[image: image7.emf]N REFERENCE MODEL AND VALUE DESCRIPTION QUANTITY

1 R1 R 10kΩ - 1/4 W resistor 1

2 R2 R 150kΩ - 1/4 W resistor 1

3 R3-R10 R 2kΩ - 1/4 W resistor 8

4 R-PACK R 470Ω - 1/4 W resistor 8

5 C1-C5 C 100nF  ceramic capacitor 5

6 L1 L 10μH inductor 1

7 SW1-SW6 SW 2 way button (switch) 6

8 U1 IC 74HC244 buffer 1

9 JP1-JP3 JP 20 lines 2 raws connector 1

10 JP4 DMC16249N LCD display 1

11 IC1 ATMEGA16 microcontroller 1


Circuit photo
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Description of the software
It is quite difficult to explain in brief the software code, but some simplifications can be done for make it more understandable. A block diagram of the software helps to schematize the code in smaller parts and makes its comprehension easier.

The firsts two blocks are executed just at the start-up of the microcontroller. The others six runs sequentially in a loop.
The initialization block sets the I/O pins in the right direction (input or output) and initializes the variables with their start values.
The positioning block is needed for putting the solar cell in the start position (vertical and horizontal equal to 0 degrees). For reaching the start position the system will continue to turn the motors in the          left-down direction until the two relatives full stroke sensors are activated.                                                                                                                 
The test button block is just a code which 
Investigate the buttons’ pins and save in a variable which are pressed. The mode button works in a toggle way, therefore its value has to be changed just one time while is pressed.
The test adc block is divided in two parts: acquire and post processing. In the first one the internal adc converter of the microcontroller is used for acquiring the analog data and translate it in the digital world.
Each of the 5 light sensor signals is represented with a 8 bit word. 
Since the signals are quite noisy a post processing part must be added. Its main function is to create a digital low pass filter. This operation is done by keeping in memory the last 8 values for each sensor and calculate the mean value. This result will be the post processed data from the adc converter.

The calculation block is divided in three parts: searching, threshold estimation and allowed movements. The first one is executed only if a key is pressed during the automatic mode. The searching  algorithm is divided again in 4 parts: positioning, scanning, coordinates calculation and move to light. 

The positioning is needed for putting the solar cell in the start position (same as before). For reaching the start position the system will continue to turn the motors in the left-down direction until the two relatives full stroke sensors are activated.                                                                                                                 
The scanning part is more complex. It is a routine which move the motors with a fixed sequence for monitoring the “sky”. The sequence is done to optimized the covered surface respect to the total number of movement required. While the system is moving, each of the light sensors values are compared to its maximum value from the beginning of the scanning routine. If the new value is higher it means that the light intensity is higher in that position, therefore the maximum and the positions values are saved.

At the end of the routine, the 5 maximum values (one for each sensor), and the related positions, should contain information about the highest light intensity and its location.
The coordinates calculation is a function that reduce the error in locating the corrected position from the data above. A threshold is created and its value is the average of the 5 maximum values of the previous part. After that, there will be considered just the sensors above this threshold. The position is than calculated as a mean of the previous saved positions of the sensors chosen the step before.

The part move to light is a routine which moves the motors until they reach the position calculated in the previous part.
As said before all this four part (composing the searching) are executed only if a key is pressed during the automatic mode. 
The threshold estimation part is creating a threshold as a mean of the sensors values.

After that, in another variable is saved which of the sensors are above this level.

The threshold is then modified according to the light intensity level for improving the sensitivity.
The last part of the calculation block is the allowed movements. Its purpose is to avoid cyclic behaviour and wrong decision. This routine is quite complex then it will not be explained in deep. In this section just the 4 narrow aperture angle sensors are considered.  

A state machine has been created and for each combination there will be some allowed and forbidden movements. Further filtering is done considering the light condition.
The move motors block puts in practise the decision made in the previous part. It manage to convert the movement information in a sequence for the step motors. Further it calculate the exact position in degrees and make it more readable when the vertical position is higher than 90 degrees (instead of VER 130 , HOR 064 it writes VER 050 , HOR 230).
The write display block is needed to write the information about the mode (manual or automatic) and the position of the solar cell. Thanks to the possibility to create function in c, it was good to create some function for make the code (and the programming) better.
An example is the routine write_word which calls write_character which calls display_clock
which calls display_delay.
The delay block creates a delay of 5 ms. This delay is needed because otherwise the step sequence given to the motors will be too fast and some steps will be lost (and the motors works in a non proper way).
Block diagram of the software
Results
The microcontroller ATmega16 is working correctly in this project without software and hardware conflicts, but there are a lot of point in the filtering that could be studied more 

In deep and make better.

The tracking is as fast as possible (if the speed is increased the step motors will not behave correctly).

The system stops the movements when a full stroke sensor is activated.

The system can be switched between automatic and manual whit a button 

(as suggested in the idea of the project).

The instantaneous vertical and horizontal positions as well as the current mode are shown in a alphanumeric LCD display (as required).
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Foglio1

		N		REFERENCE		MODEL AND VALUE		DESCRIPTION		QUANTITY

		1		R1		R 10kΩ - 1/4 W		resistor		1

		2		R2		R 150kΩ - 1/4 W		resistor		1

		3		R3-R10		R 2kΩ - 1/4 W		resistor		8

		4		R-PACK		R 470Ω - 1/4 W		resistor		8

		5		C1-C5		C 100nF		ceramic capacitor		5

		6		L1		L 10μH		inductor		1

		7		SW1-SW6		SW 2 way		button (switch)		6

		8		U1		IC 74HC244		buffer		1

		9		JP1-JP3		JP 20 lines 2 raws		connector		1

		10		JP4		DMC16249N		LCD display		1

		11		IC1		ATMEGA16		microcontroller		1






