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Introduction:

Part I – Alarm System

Area:  House, Office or any Room 

Goal:   

· To give a monitor on some important environmental aspects (جوانب بيئية) in the place, such as; Temperature, people moves, smoke 

· And to give a Control on specific actions will happen as a response to the previously specified events.

· Responses will be actions executed automatically or by user request…      Such as fans, lights, siren alarms (speakers), warning on show screens, or even recorded alarming voices…

· The user  will  view the monitor program remotely by entering the embedded web service of the system using the Internet or local networks ..

· And will be able  to configure  detection levels and response sensitivity  and  profiles  depending on the situation.

Also a configuration built-in unit will be available

Part II – Power Saving System:

Area:  House, Office or any Room 

Goal:   


To find a way that makes saving power easier…


Idea is to turn on/off lights or specified machines (like Heaters/Coolers/Lights)   depending on several cases such as

· Existence of people in a room at that time

· Need for lights  or heaters to be on or off at that time ***

· System may be integrated with the alarm system to control  depending on specific sensor collected data to complete the previous point ***.

· Idea to switching between power sources (such as AC and UPS)  when it requires that…

· Also the user will have the control to give parameters for controlling power saving such as time period before execution.

Examples on sensors and detectors will be used:

1. photo-detector

2. digital thermometer
3. Detection with the Motion using the PIR sensor
4. Detect the temperature  using LM335
Examples on controlling tools will be used:

Connect the Door with the PIC using ULN and 2 relays  (on/off)…

DAC and Analog amplified Outputs to Fans (on / off ) and speed

Goals:

1. Buy a photo-detector and determine if it is possible for the PIC to sense a change

in light intensity through the use of it.

2. Now that the PIC knows there is a change in light intensity, the implementation of

an alarm will be designed controlled by the PIC. A simple speaker will be used to

omit the alarm sound.

3. Next a digital thermometer will be used to measure a change in temperature and

also sound off the alarm. Using a thermo resistor or thermocouple can do this and

when a certain temperature/resistance is met, the PIC will then sound off the

alarm.

4. Implement the photo-detector method discussed in our design to trigger the PIC

when it senses smoke in the air.

5. Possibly implement extra added features of a water sprinkler or a voice

synthesizer if time permits.
6.Detection with the Motion using the PIR sensor and its features.

7. Detect the temperature  using LM335 and see its features.

8. Connect the Door with the PIC using ULN and 2 relays (every one for position).

9. Build the circuit of the speakers   using  mono stable  and 600mhz frequency

Photo-detector - A light sensitive resistor. The resistance varies with respect to the

intensity of the light falling on the surface of the cell. As the light intensity increases the

resistively decreases, and if there is a decrease in light intensity there is an increase in

resistance. Therefore it has many uses in being a sensor where light is a factor.
The Light Sensor 

Light sensors are one of the most common types of sensors. They are used in night lights, street lights, alarms, toys, cameras, etc. We are using a CDS (Cadmium Sulfide) Photocell to detect light. The resistance of the sensor varies based on the amount of light that hits it.  The resistance can vary from 300K in the dark to 1K in the light. Our goal is to convert this into a digital value. We have to convert the variable resistance into a voltage and then the voltage into a digital value. To convert the resistance into a voltage, we use a second resistor Rb. Then assuming that no current goes into pin 13, you can find V1. To find V1 you can use Ohms Law. With Vcc = 5, Ohms Law gives you 

(5 - V1) / Rpc = V1 / Rb

where Rpc is the resistance of the sensor (photocell). 

Then you can solve for V1 = 5*Rb / (Rpc + Rb) 

Then the maximum voltage is when Rpc is at its minimum, 1K. Then V1max = 5*Rb / (1k + Rb) 
The minimum voltage is when Rpc = 300K. V1min = 5*Rb / (300k + Rb). 

Using the equations for V1 max and min you can determine that 5.1K is a good value for Rb. 5.1K gives you a wide voltage range from minimum to maximum. 5.1K works well for general light to dark situations. If you are only interested in bright environments (are you making an outside robot?) then use a larger value of Rb to shift the light sensitivity range towards bright lights (Perhaps 50K). Or if you are interested in dark environments (are you making a robotic vampire dog that barks at the moon and hides from bright lights?) then use a smaller value of Rb (perhaps 510). 

Now we have a sensor voltage, V1, that varies from about 0.1 volts to 4.2 volts. If you want to take the easy route you can use the hardware set up in the Data Collection tutorial to convert this voltage to an eight bit digital value. 

Analog to Digital Conversion using the 2051 

The Data Collection Tutorial shows how to use a ready made Analog to Digital converter chip to get data from an analog source. This tutorial shows a different method. This method is not as accurate as the ADC0804 but it is less expensive, uses less power,  and is easily modified to suit specific needs. 

This method uses the built in analog comparator on the 2051 (not a normal feature of 8051 based chips). The voltage generated by the sensor circuit is connected to the negative input of the comparator (P1.1) and we will generate a voltage to connect to the positive input of the comparator (P1.0). The output of the comparator goes to P3.6. P3.6 is not an external pin on the 2051. It can only be accessed by the internal software. If the voltage at P1.0 is higher than P1.1 then P3.6 will be a 1. If the voltage at P1.0 is lower than P1.1 then P3.6 will be a 0. 

By using the other 6 Port 1 pins (P1.2 through P1.7) we can generate a voltage using a resistor network connected to those pins. By changing the values of the Port 1 pins we will get as close as possible to matching the voltage from the sensor circuit. Then we will have a 6 bit digital value that is a reflection of the sensor voltage at P1.1. 

Each of the 6 Port 1 pins is connected to V0 through a resistor. Setting a pin to 0 or 1 subtracts from the voltage at V0 or doesn't. The value of the resistor determines how much voltage is subtracted. If all 6 pins are set to 1 then no current is flowing through the resistor network and V0 = 5V. The small resistor on P1.7 (240 ohms) can subtract the most voltage. When we set it to 0 current flows through Ra and the voltage at V0 goes down. The exact amount depends on the value of Ra. The resistors are chosen so they are roughly twice the value of the resistor connected to the next higher pin. (Ideally they would be exactly double the other value but it is difficult to get resistors that have exactly the right values.) By doubling the resistance, the pin can subtract half as much voltage. When you get to P1.2 with the 10K resistor, it only has a small effect on the voltage at V0 when you set P1.2 to 0 or 1. 

The actual voltage at V0 is determined by the resister Ra. To find a good value for Ra look at what happens when our digital output  is about at the half way point 011111. P1.7 is the only pin that is drawing current. Starting at Vcc, the current goes through Ra and then through the 240 ohm resistor to ground (P1.7 = 0). To make the voltage at V0 equal to 2.5 volts (half of Vcc), make Ra 240 ohms. But since we know the sensor voltage V1 only goes up to 4.2 volts you may want to make the halfway point by 2.1 volts. Use 330 ohms for Ra to get 2.1 volts for the halfway digital output of 011111. (We use 011111 as the halfway point because that means that only the 240 ohm resistor going to P1.7 is active and that makes using Ohms law fairly simple.) 

Now we can control the voltage at V0 fairly accurately with P1.2 through P1.7. To make a small change in voltage, change the lower pins and to make a large change in voltage change the higher pins. By starting with P1.7 through P1.2 set to 000000 (P1.7 is on the left and P1.2 is on the right) and counting up to 111111 you can get 64 different voltages! 

To find the right digital output to create the right voltage to match the voltage at P1.1 (V1), we start at 000000 and count up until the comparator output at P3.6 switches to 1 to tell us our generated voltage is higher than the sensor voltage. Then we can "track" the voltage by adjusting the value up and down depending on the output of the comparator. Since the comparator only tells us high or low (it can not tell you if you have an exact match) then one possibly annoying aspect of this approach is that the P1.2 bit is constantly switching from 0 to 1 to 0 to 1... as the comparator output tells us we are low, then high, then low.  To avoid having to watch the 6 bit value oscillate (also called jitter) we just use the top 5 digits as our answer. Look at the documentation in the software for the 2051 in light.asm for more details on the tracking routine. 

The laser will usually shoot straight across and not hit the photo-detector. However when

smoke from the fire enters the area it will deflect the light source into the photo-detector

and will set off the alarm via the PIC as shown in the diagram below:
[image: image1.png]) Light sousce
© Photo-detestor




Sounding Off an Alarm

When either sensor is triggered and the threat of a possible fire looms, a speaker will

sound off signaling that there is smoke or a fire in the room. A simple speaker can be

designed with an op-amp amplifying the gain to make the signal louder.
A PIC-Based Temperature Alarm:

Abstract

Presented is a simple temperature alarm which uses a PIC16C84 microcontroller and a 2-line LCD display. The alarm displays current temperature in both Celsius and  Fahrenheit degrees and features a 3-key keypad which allows the user to set independent high and low termperature alarm points. The alarm also records the minimum and maximum temperatures encountered. 

System Specifications:

The unit is designed to function (user configurable) either as a temperature alarm or a thermostat - the only difference being that with an alarm an intermittent beep is  produced when a limit is exceeded.  The system samples temperature readings continually and displays the current temperature on the LCD display in both Celsius and Fahrenheit degrees. The LCD shall  also display the current configuration and user parameters. User parameters include the high temperature limit, low temperature limit, and alarm mode (whether the beeper is on or off). As well, the system shall keep track of the maximum and minimum temperatures reached and display them, too, on the LCD. The user shall have the option of setting both the high termperature limit and the low temperature limit. These limits shall be displayed in both F and C degrees and shall  be set using two pushbuttons labelled UP (+) and DOWN (-). As well as limits, the user shall be able to clear the Min/Max temperatures and set the alarm mode (whether the beeper is audible or not). A red alarm LED shall light regardless of beeper status when a limit is exceeded.  All parameters including limits, min/max temperatures, and alarm (on/off) status shall be stored in non-volatile memory and shall be reloaded upon power-up. 

Hardware 

The basic system consists of a PIC16C84 MCU, a two-line 16-character LCD display, three pushbuttons to set user-configurable parameters, and an ADC0831 serial analog-to-digital converter. The LCD is an intelligent unit which displays ASCII characters. It may be used in eight-bit mode but this requires ten I/O lines on the MCU (eight for data plus register select and enable). A less-demanding four-bit interface was chosen which requires six I/O lines (four lines for data plus register select and enable). As well, to conserve I/O lines on the MCU the three pushbuttons were scanned using three of the four data lines already used for the LCD (See the schematic for details). The ADC0831 uses a three-line SPI/Microwire interface. It is synchronous serial meaning that the MCU generates the clock and the ADC will send back the appropriate data bit (a logic high or low). This serial bitstream must be assembled by the MCU into a byte.  The thermistor used is a Philips 2322-640-63103 NTC Thermistor with an R/r ratio of 9.0 and a nominal resistance of 10K@25C. Radio Shack sells a similar unit which may be used. The thermistor is wired as one leg in a voltage divider along with a fixed 10K resistor. The voltage output of the divider is proportional to ambient temperature (although it is not a linear relationship which creates some problems for the firmware when converting to real temperatures). The MCU is also used to drive an alarm LED (which may also be an opto-driver block if the alarm were used as a thermostat) as well as a piezo beeper to warn of over/under temperature conditions.  

The first function performed is reading the ADC0831. This ADC uses a standard 3-wire SPI/Microwire protocol. Since the 16C84 device used for the temperature alarm lacks a synchronous UART, bits are clocked-into the PIC individually and shifted until a byte is formed. Next, the ADC reading (a binary number) is converted into a temperature reading (in degrees C). Since the thermistor has a non-linear resistance to temperature relationship it was decided that a lookup table would be the best way to accomplish this conversion. The lookup table has 248 entries corresponding to temperatures between -50C and +125C. Numerically, numbers are not stored as true two's complement but rather a whole 7-bit number (range 0 to 127) with the MSB bit being set to signify a negative number. This format was chosen because originally the system only operated in units of degrees C and it was convenient to simply display a negative sign if the upper-bit was set then clear that bit and continue with binary to BCD conversion.

In order to display the temperature in Fahrenheit degrees as well as celsius it was decided to mathematically convert degrees C to degrees F instead of using a second table. The standard formula for conversion is: 

Degrees_F = 9/5 * Degrees_C + 32 

This does not lend itself well to binary, fixed-point arithmetic so an alternate formula was chosen as follows: 

Degrees_F = 29/16 * Degrees_C + 32 

The multiplication was accomplished by a standard unsigned 8*8 multiply routine (from Microchip's application note AN544) which results in a 16-bit number stored across two registers. The divide was accomplished by simply shifting bits to the right four times in a simple loop 
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1.0 Introduction

When we first looked at the different methods on how we could detect smoke, we had to

find out how the average consumer smoke detector worked. There were basically two methods

on how smoke was detected. The first method used an ionization chamber and a source of

ionizing radiation. This method was not feasible since we would need a source of radioactive

material and was not deemed safe for our purposes in the EE 401 lab. The next method we

altered slightly so that it would work for our purposes. Light would shine in a chamber

undisturbed by anything entering the region. When smoke enters this chamber, it deflects the

light into a photo detector and sets off an alarm. Figures can be seen in our Project Proposal.

In our case we were not sure if the smoke generated would deflect the light onto the

detector. An alternate approach was to use this design, but have the detector in constant contact

with the light source. If smoke did enter the region any small drop in light intensity on the photo

detector could then be measured and set off an alarm. We found a great component at DigiKey

that would detect any thing that passes in between a space. The photo interrupter was a cheap

device that was incorporated in our circuit design.

Another sensor we decided to use was a thermistor. We thought that if the photo

interrupter failed in detecting smoke, the next best thing we could detect was the extreme heat

caused by a fire. Thermistors we found were also extremely cheap and would not add a lot to the

cost of the final project.

Next we had to find ways of alarming the user of a fire threat. We considered the simple

annoying buzzer we all hear from normal fire alarms, but why not expand upon that? We at first

thought of adding a water sprinkler to put out the fire, but found that it was not possible in the

time frame allowed. Hopefully future groups could add this feature. Instead to put out the fire

hazard we used a fan motor. As well when the University had their annual false fire alarm, we

heard a recorded voice message directing us where to go. We thought that this was an interesting

feature, so we decided to add a recorded message. We found the ISD 1212 voice recorder chip

was ideal for this project. It was also relativity cheap and could hold twelve seconds of sound

and had an automatic looping ability.

Next we constructed a simple program to be “burned” onto the PIC. This program was

autonomous since using a fire alarm in hosted mode would be pointless. The program that we

developed read two voltage levels from two analog ADC inputs. The two voltage levels were

outputted from the photo interrupter and thermistor circuit designs. When the levels went below

a certain threshold, the PIC then signaled the warning devices off.

Jason Chow

Graham Yeomans
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2.0 Design

2.1 Hardware

2.1.1 Photo Interrupter

The photo interrupter design was simple. The output voltage from the device was

extremely small and was amplified using a non-inverting operational amplifier. The setup for

the photo interrupter can be seen in Figure 1 and was taken from the datasheets Panasonic

provided. When any object passes in between the gap between the diode and BJT, the voltage

drops to zero in Sig. OUT. In our case smoke passes in between the gap and lowers the voltage.

The PIC will then decide if it is below a pre-determined voltage threshold and set the warning

devices off.

Figure 1: Photo Interrupter Circuit Layout (Source: Panasonic)

The alternate circuit layout as suggested in the Checkpoint Report was rejected since

after testing the circuit, no change in the output voltage was noticed. Before the signal from the

photo interrupter design enters into one of the PIC’s ADC inputs, the circuit shown in Figure 2

illustrates how the PIC was isolated from stray high voltages spikes greater than 5V. This

suggestion was taken from the Microboard Manual.

Figure 2: Diode Protection for the PIC ADC Input

Jason Chow

Graham Yeomans
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2.1.2 Thermistor

To measure the temperature a thermistor was used in a Wheatstone Bridge layout. This

would greatly improve the measurement accuracy in temperature and was simple to design. The

thermistor works by decreasing or increasing its resistance with changes in resistance. The

thermistor does exactly opposite what a normal resistor does. The resistance decreases with an

increase in temperature, thus the voltage from the Wheatstone Bridge decreases.

Even though our design does not need specific measurements of temperature, rapid

changes in temperature were needed. The idea to use a Wheatstone Bridge circuit was taken

from Circuit Cellar’s article on Thermistors by Jonathan Valvano. The circuit is modeled after

Figure 3. The reason for a resistor to be in parallel with our thermistor is to linearize the

temperature vs. resistance relationship.

Figure 3: Thermistor Model (Source: Circuit Cellar)

The Voltage difference between V1 and V2 was fed into a difference operational amplifier

since the output voltage from the Wheatstone was too small for the PIC to note any significant

changes. Equation (1) gives the output voltage, and the gain of the differential amplifier is R2/R1.

(1) Vo R2

R1

(V 2 V1)

Measurements of the output voltage or V1 and V2 must be made in order to see how much

gain was needed from the difference amplifier and is explained in the testing section. The output

voltage from the difference operational amplifier is then fed into one of the PIC’s ADC inputs

and should be noted another diode protection circuit was added similar to the photo interrupter

plan.

In both the photo interrupter and thermistor design we decided to use was a LM324 Quad

Operational Amplifiers since the datasheets said that it could function under a single supply from

three to thirty-two volts. Though this was not the case after we tested them and is explained in

the testing section of this report.

Jason Chow
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2.1.3 Buzzer

The buzzer used was cheap and inexpensive. We found that no external circuitry was

needed if we hooked it directly up to a PIC output.

2.1.4 Fan Motor

The fan motor could not be hooked directly up to an output pin on the PIC as we noticed

after trying to do so. A BJT switch was then used to turn the fan motor on and can be seen in

Figure 4. This idea was taken from the “PIC Microcontroller Project Book” by John Iovine on

page 144.

Figure 4. Circuit Layout for the DC Fan Motor

Jason Chow
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EE 401 Final Report: The Smoke Detector

8

2.1.5 ISD1212 Voice Chip

The ISD1212 voice chip is a simple integrated chip that can hold twelve seconds of

sound. It also had a nice feature were it could loop back and fourth a recorded message with

ease. First we had to record a message onto the chip. The data sheets provided by the

manufacture suggested we use a microphone to record the message. We deemed this impractical

since we probably could not record a clear signal.

The ISD1212 voice chip did have a feature where we could record a message from an

analog input from a stereo or computer output headphone jacks. This would simply the circuit

suggestion given by the manufacture as shown in Figure 5. We stripped this schematic down by

removing the majority of the parts since we did not need them.

Figure 5: Application for the ISD1212 (Source: Winbond)

We took parts already found at home to record the message onto the ISD1212 voice chip.

A 3.5mm phone plug was used and the positive end was connected into the ANA IN (pin 20) and

the negative end into the ANA OUT (pin 21) of the ISD 1212 chip. This part can be seen in

Figure 6 taken from RadioShack. The signal already on the computer can then easily be

recorded onto the ISD1212 voice ship without hassle.

Figure 6: 3.5mm Phone Plug (Source: RadioShack)

Jason Chow
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Next we had to design the circuit where our message could loop automatically after the

ISD1212 powered up. Again we altered the suggestion from the manufacture that recommended

we use the circuit in Figure 7.

Figure 7: Layout for Looping the Message (Source: Winbond)

For the message to playback, PLAYE (pin 24) must go from high to low. Therefore we

removed C1 and R51 and had pin 24 come from a PIC digital output. Therefore this output would

stay at logic high until smoke or heat was detected and goes to logic low. The message was then

attached to a mini-speaker system found at home where the message could be heard at a greater

volume. In this case we had to use the same 3.5mm phone plug and use a dual mini coupler so

that 3.5mm phone plug from the speakers could be attached. Again these parts were already

found at home and the coupler can be seen in Figure 8 taken from RadioShack.

Figure 8: Dual Mini Coupler (Source: RadioShack)

Jason Chow
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2.1.6 PIC16F873 Microcontroller

A small explanation on the operation of the PIC16F873 microcontroller, the “brains” of

our smoke detector is needed. The PIC can easily take either digital or analog inputs and output

the same. In our case we needed the PIC16F873 feature too take an analog signal and convert it

into a digital signal so it can interpret the data. This would reduce the components if we needed

a separate ADC converter. Our analog signals would be voltage levels from the photo interrupter

and thermistor. When these levels fell below a value caused by smoke passing between the

photo interrupter gap and the heat decreasing the thermistor resistance, the PIC then triggers the

digital outputs and “turn on” the warning devices.

Jason Chow
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2.2 Software

It was chosen that our smoke detector would operate most efficiently running under

autonomous mode. Since the program necessary to produce the desired results needed for the

smoke detector is fairly straightforward the software was designed using PIC16F873 assembly.

The inputs that input values into the PIC are the thermistor and the photo interrupter. Both these

inputs where tested thoroughly and found that they both would output an analog signal that

would have to be converted to a digital representation for the PIC to understand. Shown below is

the flow chart for the smoke detector program:

Initialize B5, B6, B7

as digital outputs

|

__________________________________________________________________

| | |

| | |

Initialize Ra0, Ra2 for ADC

| | |

| | |

| | |

Read Ra0 or Ra2

Store value in ADRESH

| | |

| ------------------- |

| /BTFSC ADRESH \ |

| LOW HIGH |

| | \ bit 1 / | |

| | -------------------- | |

| | | |

| | | |

YES

SET B5, B6

Clear B7

NO

SET B7

CLEAR B5, B6

| | | |

| | | |

--------------------------- --------------------------

Jason Chow
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For simplicity in the code, the ADRESH register was used instead of the ADRESL

register to store the bits from the analog inputs. The number of bits that the PIC is able to encode

from an analog input is 12-bits. However, the simplicity of the hardware didn’t require such

high precision. It was decided that the 2 most significant bits would only be needed. Table 1

shows the bit-sequences and corresponding voltages:

Table 1: Bit-Sequences and the Corresponding Voltages

ADRESH ADRESL Voltage (V)

xxxxxx11 11111111 5.00V

xxxxxx01 xxxxxxxx 2.50V

Thus the bit 1 of the ADRESH register would be tested through an ADCread loop until

the bit changed. The subroutines for both the ADCread and the ADC initialization where taken

from the PIC user manual.

After the program reads in the coded value from the analog input ADRESH register the

main program will right justify the ADRESH register and test bit 1. When bit 1 is set high it can

be confirmed from the previous table that the voltage inputted from either the thermistor or the

photo interrupter is over the threshold of 2.5V. The reason for choosing 2.5V as the threshold

voltage can be explained in the Testing section. Furthermore when bit 1 is set low the voltage

read into the PIC must be below 2.5V. Thus, if both the input thermistor and photo-interrupter

can deliver a voltage above 2.5V undisturbed and at room temperature then the 2.5V threshold is

possible. This was the programming strategy and as the testing will prove was in fact the case.

The photo interrupter and the thermistor can be considered analogous to a resistor. When

the resistor becomes larger the voltage drop across it will become larger. Therefore undisturbed

both the photo interrupter and thermistor carry a very low impedance and can therefore output a

larger voltage. However, when the photo interrupter and thermistor are both activated the voltage

drops across the growing resistor and less voltage will be inputted into the PIC.

Once the analog value has been correctly coded into the PIC the data will be checked to

see if it’s voltage is greater than 2.5V. If this is the case a No subroutine will be executed and

when the data is less than 2.5V a Yes subroutine will be executed.

movwf analog_data

btfsc analog_data, 1

goto No

goto Yes

Jason Chow
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As is shown in the flow chart the Yes routine enables two digital outputs to be set high

and one digital output to be set low. Correspondingly the No routine clears the two digital

outputs and set the one digital output originally low.

Yes

bcf STATUS, RP0

bsf PORTB, 5

bsf PORTB, 6

bsf PORTB, 7

goto mainLOOP2

No

bcf STATUS, RP0

bcf PORTB, 5

bcf PORTB, 6

bcf PORTB, 7

banksel BANK0

goto mainLOOP2

2.3 Schematic and Board Layouts

We used EAGLE Layout Editor Version 4.03 to design our schematic and board layout.

We had never used this program before, but we were successful in constructing a schematic and

board layout for our smoke detector. Details are where they can be found are in the Appendix

section. In constructing the board layout we planned on having the motor and buzzer on a

separate board, the PIC on the Microboard supplied. The board that we designed to be milled

would have the photo interrupter, thermistor, and ISD1212 voice chip circuit designs.

Jason Chow
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3.0 Testing

3.1 Hardware

3.1.1 Thermistor

After constructing the Wheatstone Bridge circuit for our thermistor, the output voltage

(V2 – V1) at room temperature was only about 40mV. This would need to be amplified greatly so

that our PIC ADC could detect any voltage changes. Using Equation 1 we decided that the

output voltage that the PIC should see at room temperature be about 4.00V. Using Equation 1

the gain we would need was about 100V/V. Therefore with the resistors given in the lab, we

choose 4.7kfor R1 and 470kfor R2 to give the desired gain. The following data in Table 2

summarizes various temperatures and the output voltage from the difference operational

amplifier.

Table 2: Temperature vs. Output Voltage

T ( C) Vout (V)

Room Temperature (20.0C) 4.00V

Body Temperature (38.0C) 3.00V

Open Flame (>50.0C) 1.50V

It can be noted that if a fire were present we would want the threshold voltage to be at

around 2.5V. At this threshold voltage, the PIC would acknowledge this decrease in voltage and

set off the warning devices when the voltage drops below this value. This value of the threshold

voltage was then used in our design of our program for our PIC.

Jason Chow
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3.1.2 Photo Interrupter

Before amplifying the voltage from the photo interrupter, the output voltage was

measured to determine how much it would need to be amplified by. The voltage was only about

6.5mV when there was nothing present in between the photo-interrupter. We decided that the

voltage seen by the PIC ADC input be about 2.60V. Therefore the threshold voltage can be the

same as the thermistor, 2.50V. That is when smoke enters in between the photo interrupter; only

a small drop in voltage caused by the smoke would be needed and not a large one. This would

ensure that even a thin smoke could be detected and simplify the coding of the PIC. Therefore

the gain needed would be about 400V/V and the values of the resistors we used were 1kand

390kin the non-inverting configuration and can be seen in Figure 5.

Figure 5: Non-Inverting Configuration for the Photo Interrupter Circuit Design

After discovering that the LM324 Quad Operational Amplifiers could not operate with a

zero to five volt power supply, we had to figure out a way to find a plus or minus voltage power

supply. Luckily the Microboard manual outlined additional components that could be added to

the initial default construction we were given at the beginning of the term. After obtaining these

parts we could then successfully have a plus or minis twelve volt supplying our operational

amplifiers and not depend on any other external voltage supplies.

3.1.3 Buzzer/Fan Motor

These two devices were tested under autonomous mode. After connecting these two

devices to two digital outputs from the PIC, we manually controlled the PIC to set two pins high.

We found that the Buzzer sounded off, and the Fan Motor did spin as expected. Nothing else

needed to be done to these designs.

3.1.4 ISD1212 Voice Chip

We first decided to record a simple voice message declaring that there was a fire and that

the people at risk should evacuate the surroundings. We found that the message was clear and

could easily be heard after playback. We then connected the PLAYE pin to the PIC digital

output, and manually set the output from high to low to see if the message would loop

continuously. The message did loop repeatedly until power was shut off. We then decided to

record a short song clip onto the voice chip since we thought a simple voice message would be

uninteresting. The song we picked was Prodigy’s “Firestarter” since it’s theme was appropriate.

The song was somewhat distorted, but the song could still be heard and we decided to go ahead

with the song.
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3.2 Software

The testing of the software consisted of mainly using LEDs’ for the outputs and using a

power source for the inputs. This was a practical simulation of how the software should run,

except an analog input wasn’t used. The main strategy behind this was to test the PIC’s ability to

read in a voltage input and compare that input to a constant threshold. After the PIC compares

the input it will decide to either turn on the LED or switch off the LED. In other words, if a

voltage of 5V was signals into a chosen PIC input, the PIC will test that input and either switch

on or off a light.

3.3 Board Layout

After getting the board back to us, we were disappointed by how small it was. As well

we also dismayed that the traces were not isolated and that soldering the connections would not

be easy. With time running out we soldered our components into the board and hoped for the

best. After testing we found that the PCB did not work, therefore we had to resort back to our

prototype on the “breadboard.” Hopefully next time around we will spend more time on the

board layout after all of the testing is done. The board layout should have been the last thing

designed.
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4.0 Integration and Final Tests

When both the software and hardware were integrated together the project ran into some

minor difficulties that needed to be troubleshot. The first problem was the ADRESH register

that was to load in the analogue inputs taken from the hardware were not loading properly. More

rigorous tests concluded that the ADCread loop found in both the PIC Manual and the debug.hex

code needed to be modified. It was found that there is a bug in the analog to digital conversion if

inputs are sampled continuously at a rate in the nanoseconds. When the ADCread is sampled in

the high nanoseconds the PIC does not correctly code the received value into hexadecimal.

Shown below is the modified version of the ADCread sub routine. Note the lpadc delay that was

implemented before the analog was converted to digital the counter loops for a total time of 46

times repeated 1 nop command during each of its 46 cycles. The clock of the PIC is running at

4Mhz so it takes approximately 250ns for each line of code to be read. Thus the counter slowed

down the sampling rate well in the microseconds required for the registers to load properly.

readADC

banksel BANK0 ; Move to Bank 0

movlw 0x01 ; Shutoff all ADC function and set available

movwf ADCON0 ; channel to A0

; Also selects: A/D clock = Fosc/2

movlw 0x2E

movwf ADCDELAY

lpadc ; set delay before reading

nop

decfsz ADCDELAY

goto lpadc

bsf ADCON0,GO ; Start A/D conversion (sets bit 2)

btfsc ADCON0,GO ; Repeat until the GO bit is automatically

goto $ - 1 ; set low by hardware

bcf PIR1,ADIF ; Clear A/D interrupt flag

; Values are now stored in ADRESH and ADRESL

movf ADRESH,W ; ADC value is10 bits and is

; stored in the ADRESH and ADRESL

; The top 2 bits of the value are moved to W

return
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Another problem that was encountered when both the hardware and software where

integrated had to do with the digital outputs from the PIC. When one analog signal is inputted

into the PIC microcontroller the project worked fine. However, when both the photo-interrupter

and the thermistor where used as inputs the PIC would output a lower voltage at the outputs.

Ideally, a digital output for the PIC should contain a high value corresponding to 5V and a low

value corresponding to 0V. It was found however that when the PIC receives more than one

input from both the thermistor and the photo interrupter the PIC would digital output an in

between value of 2.5V. Again rigorous tests where conducted in order to determine this cause.

Finally , the easiest solution to this problem was to modify the hardware to deal with this

constraint.

It was found that the low voltage and current that the PIC would deliver its digital outputs

did not affect the buzzer and the voice chip. However, with only 2.5V being outputted from the

PIC microboard the fan wouldn’t turn on. It is found that the motor needs a current of at least

10mA to turn on. The voltage from the PIC dropped over the 330resistor provided a current of

7.5mA. The solution hasn’t been figured out due to time constraints , however it is possible to

lower the resistor from 330to increase the current. Another solution might have been using

the L293D Motor-Driver chip.
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5.0 Summary of Results

5.1 Photo Interrupter

Disturbance Vout (approximate range)

No outside disturbance 2.60V

Faint smoke from a match 2.45V - 2.49V

Smoke from a cigarette 2.10V - 2.35V

Smoke from a cigar 2.00V - 2.35V

Burning paper 2.00V - 2.35V

5.2 Thermistor

Disturbance Vout (approximate range)

Room temperature 4.00V

Heat from smoke 3.48V

Heat from flame 10cm away 2.49V - 2.60V

Heat from flame 5cm away 2.40V

Heat from flame 1cm away 0.00V

The smoke detector was able to detect the presence of smoke assuming the smoke passes

between the gap of the photo interrupter.

The smoke detector was able to detect heat >45°C from at least 10cm from the circuit.

When triggered the smoke detector would output a noise through a buzzer when smoke or

heat is entered into the circuitry.

When triggered the smoke detector would turn on a fan to protect the circuitry only if one

of the analog inputs was connected.

When triggered the smoke detector would output a message from a voice chip containing

a recorded message.
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6.0 Conclusions

The smoke detector was deemed a success since it did detect smoke. The photo

interrupter could detect smoke and the PIC then triggered the warning devices into action. The

thermistor also detected a change in temperature and the PIC would also trigger the warning

devices on. All of the warning devices, the buzzer, the fan, and the ISD1212 voice chip all

activated as planned. The fan motor was the only device that did not run if both analog inputs

were attached, but ran if only one was. We believe that this can be solved if we used the L293D

Motor-Driver chip. Unfortunately final testing of the PCB board failed since we were

unprepared for the size of the board. Next time we will pay closer attention to the use of EAGLE

and create a larger PCB. Overall the project was interesting and a complete success.
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