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ABSTRACT 

 

This thesis project aims to develop an embedded system that can measure real-time power 

consumption of a house and provide information for the user. System consists of a microcontroller 

unit, a light sensor, RS232 serial interface, battery and an LED. An 18F series 8bit PIC 

microcontroller was used for this project because PIC is known to be versatile and very low power-

consuming. The goal was to get periodic signal from the sensor mounted on the power meter of a 

house, calculate the power usage and send this data to serial port for communication purposes. 

The system is connected to PC through RS232 interface as the first step of the project. The 

power usage information and a simple user interface sent from the PIC are displayed on the 

HyperTerminal of the PC. The second step was to communicate with a wireless module which is 

connected to the central unit of the alarm system in a house. This part of the project requires 

modification of the communication protocol to suit the one that the company uses in the wireless 

module. 

As the power source we chose a 9V battery since the system needs 5V to operate. However 

it is just the prototype. Therefore the power source choice can be changed in future due to company 

needs. The LED used in the prototype is for testing purposes and it is also due to changes if not 

needed. 

As the result of the project, the first step is finished with minimum requirements. The 

external hardware is built with all the components and the software is implemented successfully. The 

system can get signals from the photo sensor; the result is calculated according to the duration between 

two signals; it is sent to the PC via RS232 serial port and displayed on the PC terminal. 
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1. INTRODUCTION 

 

1.1. PROBLEM DESCRIPTION 

 

In Sweden, electricity production is measured at the terminals of all alternator sets in a station. 

In addition to hydropower, coal, oil, gas, and nuclear power generation, it covers generation by 

geothermal, solar, wind, and tide and wave energy, as well as that from combustible renewables and 

waste. Production includes the output of electricity plants that are designed to produce electricity only 

as well as that from combustible renewables and waste. 

 

Figure 1.1 – Electric power consumption in Sweden over years [1] 

Figure 1.1 above shows a chart with historical data for electric power consumption (kWh) in 

Sweden. Electric power consumption measures the production of power plants and combined heat and 

power plants less transmission, distribution, and transformation losses and own use by heat and power 

plants. Electricity use per inhabitant in Sweden is relatively high compared with that of other 

countries. Among the industrialized countries of the EU (e.g. Germany, France and the UK), 

electricity use per inhabitant was around half of that in Sweden in 1995. Like other countries with high 

per-capita electricity use (e.g. Norway, Iceland and Canada) Sweden has plentiful and inexpensive 

resources of hydropower and a relatively cold climate, resulting in high use of light and heat (STEM, 

1998b). 
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Electricity consumption by the housing sector in 1997 was around 43 TWh. According to 

Kraftverksföreningen (1998) 55% (23.5 TWh) of this electricity use was due to space and water 

heating. However this differs considerably from Eurostat (1999) which estimates that 83% of 

electricity use was for space and water heating. 

Each family has their own power meter in their house. A normal new-built house for a family 

of four is assumed to have a yearly energy use of about 17 000 kWh. Typically, every family has a 

limitation of power consumption. By seeing their real-time power consumption, they can avoid paying 

extra money if they overused energy. 

 Season Diurnal period Days Hours Electricity price (SEK/MWh)  

 

     Standard conditions  

 

High energy costs  

 

     Nordic Continental Nordic and continental 

1. November–March 1 Weekdays 22-06 246 260 514 

  2  06-07 262 260 1037 

  3  07-08 282 350 1037 

  4  08-12 285 350 1037 

  5  12-16 285 350 1037 

  6  16-22 275 260 688 

  7 Weekend 22-06 244 260 514 

  8  06-22 252 260 514 

  9 Peak days 22-06 269 260 514 

  10  06-07 284 260 1037 

  11  07-08 377 350 1037 

  12  08-12 432 350 1037 

  13  12-16 432 350 1037 

  14  16-22 399 260 688 

2. April, Sept, Oct. 1 Weekdays 22-06 217 260 514 

  2  06-22 269 310 906 

  3 Weekend 22-06 206 260 514 

  4  06-22 241 260 514 

3. May–August 1 Weekdays 22-06 251 260 514 

  2  06-22 289 310 906 

  3 Weekend 22-06 231 260 514 

  4  06-22 260 260 514 

 Average price    262 284 702 

 

Table 1.1. Time division and electricity prices used in this study [2] 
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The model reflects variations in energy demand and impact of energy conservation and 

energy-carrier switching during days, between weekdays and weekends, and between seasons by using 

the time resolution in Table 1.1. Electricity-demand fluctuations depend, in the first place, on human 

activities, which primarily occur in daytime and especially during weekdays. In winter, energy 

demand is larger due to darkness and cold, and plants with high operation costs may need to be 

committed. Therefore, time dependencies are reflected more thoroughly for weekday's daytime in 

winter. All conditions in the system are constant during each period in Table 1.1. 

 

1.2. AIM 

The aim of the project is to build an embedded system to measure real-time electric power 

consumption and to communicate with an alarm system so that people can accurately check their 

usage of electricity at their home. The device will get the frequency from the power meter, calculate it 

and provide the user with useful information about the power consumption of the house. It will also 

store that power usage data so the user can access to daily, weekly or monthly information whenever 

they want.  

 

1.3. LIMITATIONS 

Time Limitations: 

The project is separated into steps to define the objectives we must achieve at the end, the 

ones we intend to complete if we have enough time and also some optional features. There are mainly 

two steps, which are described in method part. 

Power Limitations: 

The device will be running on battery power only. Our intention is to design the device so that 

it is able to use the battery for a long time. Otherwise it won’t be so reliable and the user will have to 

change its battery very often, which is not appealing from the perspective of the customer. Therefore 

the elements of the hardware should be as low power consuming as possible.  

Processing Limitations: 

Another limitation is the processing power because low power consuming hardware leads 

automatically to low processing power. For a program working on real-time, fast processing is crucial. 

That is why the software of the device should not be too complicated. 
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2. BACKGROUND 

2.1. LANSEN TECHNOLOGY AB 

Lansen is a company that produces security devices with smart features and functions which 

make it easier to feel safe. It is a smart security system, which makes it possible to see what happens at 

home, when you're away, via your mobile phone. The main communication way is using wireless 

communication like radio frequency. 

The company has unique expertise in wireless technology, camera technology, sensor 

technology and signal processing. Police, Customs, Defense Forces and other vital public functions as 

energy, telecommunications, ports and airports have different needs for advanced security and 

surveillance. Among their clients are also large companies, organizations and government agencies 

that handle sensitive information [3].  

 

2.2. PRODUCT INFORMATION 

The security system of Lansen Technology consists of many devices like sensors, control panels 

and a central unit. The control panel is wireless and has a large display – eight lines of 20 characters 

per line. The sensors or detectors the company uses include; 

- Infrared motion detectors with a detection zone of 10 meters and an angle of 90 degrees, 

- Motion detectors with camera that has a point of view of 53 degrees and 320x256 resolution in 

JPEG format, 

- Magnetic contact that has an external contact switch and an internal reed switch, 

- Smoke detector with a sharp siren sound of 85 dB. 

The system also includes a central unit that works as a controller that controls the monitoring 

system and communicates via the telephone network or GSM/GPRS network. Emergency Information 

and pictures can be sent via SMS, MMS or email to the user's mobile phone or PSAP. The integrated 

radio system is in constant contact with motion detectors, cameras, magnetic contacts, smoke 

detectors, etc., and has a memory function that stores and sends the events and images. 

Company also works on implementing “smart home” features into this system. And the power 

measurement device in this project has great potential usage for the users wishing a smarter home [4].  
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2.3. EXISTING SOLUTIONS 

During our search, we encountered two other projects, which are sensing the power meter to 

calculate the power consumption of the house. One of them is built using Arduino device that is an 

open-source electronics prototyping platform based on flexible, easy-to-use hardware and software [2]. 

The power meter that the electricity company reads every month just states how much power is used 

since it started. The power meter sends out a light pulse for every thousands of a kWh used. A light 

dependent resistor is used to read the pulse and count the time between the pulses to get power used 

since the Arduino device started and get the current power usage. All the information is displayed on a 

LCD shield. With pressing the buttons on the shield it can display different information [5]: 

- The total power used since the start and current usage. 

- Power used last minute and mean power last minute. 

- Power used last hour and mean power last hour. 

- Power used last day and mean power last day. 

- Power used last week and mean power last week. 

- Power used last four weeks and mean power four. 

 

 

Picture 2.1. The power meter, fuses and Arduino device with LCD shield [5] 
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Picture 2.2. Close up of the Arduino device and LCD shield that is showing the total power 

used since the start and current usage [5] 

 

The second project is a commercial product from Kjell & Company. Device is rather 

complicated compared to the first project and more functional. It is mounted on the flashing LED of 

the power meter and connected to the serial port of a PC with a maximum 50m cable. It also includes 

an application to be installed on the PC. The application takes information through the serial port and 

displays it via a graphical user interface [6]. 

 

  

 

Picture 2.3. Power measurement device from Kjell & Company [6] 

These projects have some differences from the thesis project we are working on. Firstly we are 

using battery as the power source. The two projects described above are powered by cable. Second, we 

are keeping the project as low power consuming as possible to save energy and increase battery life. 

Also our project has no LCD shield, which is also a battery-consuming component. Produced results 

are displayed by other ways. Finally our project aims to communicate with the outside world through 
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the wireless module that the Lansen Company wants to integrate the project with. The wireless module 

also communicates with the central alarm system of the house so the user can get the information via 

mobile devices.  
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3. METHOD 

 

Figure 3.1 below shows the general design of the project, which is divided by two main parts. 

Step 1 involves the power meter and the external interface that is our main focus in the project. It is 

our job to completely design and implement the hardware and software of the external interface. Step 

2 involves the Lansen Technology alarm system products, which are the wireless module and the 

central unit. And the user mobile device is basically a mobile phone that can receive SMS or a 

smartphone that have WiFi or 3G functionality, etc. Step 2 is about the integration of Step 1 with the 

company alarm system. Our main plan is to finish Step 1 first and then continue Step 2 in cooperation 

with Lansen Technology Company. 

 

 

 

3.1. STEP 1 

In this part of the project, the external interface hardware will be designed, built and 

programmed. It will use an 8-bit PIC 18F2580 microcontroller. This microcontroller is chosen because 

of its low power consumption. It has a middle range processing speed that is enough for simple 

calculations and data transmission. Also the PIC processor is very common for general purpose 

implementations and easier to program. Another reason for choosing this type of microcontroller is 

that the university can provide us the development board, so we can program the code and design the 

external interface hardware at the same time. 
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The external interface will also have I/O ports for RS-232 interface. The reason to use RS232 

is to communicate with the wireless module that already has Rx and Tx I/O pins on it. It will also have 

a sensor cable that is connected to the power meter with a light sensor. The light sensor we use is an 

LDR (Light Dependent Resistor) because the circuit connection is easier compared to other types of 

photo sensors.  

 

An additional component that will be built in is an SD memory slot for storing collected data. 

The reason for using SD card as the storage is that the data to be stored needs a lot of memory space 

and the internal memory of PIC, which is 256 Bytes, is not enough. Below is shown the approximate 

calculation of memory space for one month of data: 

- Assuming each result will be between 60 and 36K Watts, the least amount of bits for one 

calculated result will be 2 Bytes. If we take the fastest time possible between each pulse, 

which is 0.1 second, the total number of pulses in one hour would be 36000. And in one 

month it makes 25920000 pulses. Since each pulse needs 2 Bytes to be stored, that means we 

need nearly 50 MB of memory to store monthly information. 

 SD memory card can provide different kinds of memory sizes that can store such amount of 

information. While there are PICs with other sizes of data memory, none of them supplies enough data 

space. SD is also more flexible since the user can change its size easily as needed. 

System needs 5V input, so we use a 9V Battery as the power source and a regulator to drop it 

down to 5V. An additional 3.3V regulator is also included for the SD card slot.  

The application software that is used to design the hardware is Altium Designer 6 because it is 

more familiar and includes more advanced features compared to other applications.  

The software part is programmed with C language using CCS [7] compiler together with 

MPLAB [8] Editor. CCS compiler is relatively easy to use since it provides low level functions for 
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most devices and we are able to use this compiler in the university’s laboratories. The development 

board will be used in place of the real PCB so the building of the hardware and the programming of 

the software can progress in parallel. After the hardware is built, the program code can be embedded 

into it. The software to be used in the external interface will include: 

- Calculation of the power consumption 

Power = (3600 * Kh) / time(sec) Watts 

where Kh is a constant value and in digital power meters, it is equal to 1.0  

 

- Handshaking and communication protocol between the devices 

- Data storing management 

- Power saving mode 

- Interruption handling 

- Timer Control 

Firstly, the light sensor will be placed on the power meter’s LED to capture the flashes of the 

LED and the send a signal back to the external interface. After the device is started, it constantly 

receives signal from the sensor. Each signal width is 80 ms and we assume that the duration between 

each signal varies from 0.1 second to 1 minute. The device reads the timer when a signal arrives and 

resets it. Then, according to timer value, it calculates the range of two flashes to get the result of the 

power consumption in kilowatt hours (kWh). Secondly, the result will be sent to the computer via RS-

232 and will be stored in the memory. The computer will display the result in the Hyper Terminal. 

 

3.2. STEP 2 

In Figure 3.3, the integration of STEP 1 into the company alarm system is showed. Wireless 

module is basically used for the external interface in STEP 1 to communicate with the central unit via 

RF. The central unit is the main device of the alarm system in the house that communicates with the 

outside world. It works as a controller that controls the monitoring system and communicates via the 

telephone network or GSM/GPRS network. Emergency Information and pictures can be sent via SMS, 

MMS or email to the user mobile device or PSAP. 
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If the users want to know the current power consumption of the house, they will use the 

application in their mobile device to send a request to the alarm system’s central unit via wireless 

communication. When the central unit receives the request from the user, it sends a signal to the 

wireless module via RF to get the information from the external interface. Then the wireless module 

will send an interrupt signal to wake up the device and ask for data via RS-232. The external interface 

will send back the latest result from the flash memory following the same route backward to user the 

mobile device.   
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4. RESULT 

 

This chapter will be generally about the results of the project. It is divided into hardware and 

software part for easier explanation. Hardware part includes the hardware design, the component 

specification and the PCB layout. And the software part includes the software implementation process, 

flow charts and the hardware driver implementations. 

 

4.1. HARDWARE 

In this part, the hardware schematics design, component specification and the PCB layout is 

shown. Component specification will mention about the usage of components and the PCB layout will 

explain the production process and testing of the PCB board.  

4.1.1.  Schematics Layout 

Figure 4.1 is the schematics draw of the external interface; it is create by several electronic 

components. The main components are PIC microcontroller, MAX232 driver and connector, light 

sensor, voltage regulator, ICSP connector and etc. 

 Figure 4.1 

5V regulator 3.3V regulator 

SD card slot 

MAX220 

PIC microcontroller 

RS232 

ICSP connector 

RESET button 
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4.1.2. Component Specification 

 

• PIC Microcontroller 

The main component is the microcontroller which is PIC18F2580 that figure 4.2 show. The 

reason using PIC18F2580 is because it is a low power consumption microcontroller that can 

save the battery power. As the figure below showed is the pin diagram of PIC18F2580, it is a 

SPDIP package microcontroller with 28 pins, each pin have its specific function. Pin 8 and 19 

are connected to ground and pin 20 is connected to the 5V power source with a bypass 100nF 

capacitor.  

 

Figure 4.2 

• ISCP Connector 

Pin 1(MCLR), 26(PGM), 27(PGC) and 28(PGD) is connected to the In-Circuit Serial 

Programming (ICSP) connector which is used for code programming and debugging purpose, 

MCLR pin has another functions which is Device Reset.  

 

• Crystal 

Figure 4.3 show the connection of crystal. Pin 9(OSC1) and 10(OSC2) is connected with a 

20MHz crystal to establish oscillation and let the microcontroller be able to run in maximum 

performance.  

 

Figure 4.3 
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• SD Card Slot 

Figure 4.4 is the SD card slot, the SPI compatible communication mode of the SD memory 

card is designed to communicate with a SPI channel in microcontroller. 

 

Figure 4.4 

The 4 signals below show the connection from the SD card slot to the microcontroller pins. 

 

� CS (Host to card Chip Select signal) �  RC2 (Digital I/O) 

� CLK (Host to card clock signal)  �  SCK (Synchronous serial clock I/O for SPI 

mode) 

� DataIn (Host to card data signal)  �  SDO (SPI data out) 

� DataOut (Card to host data signal)  �  SDI (SPI data in) 

 

• Light Sensor 

Figure 4.5 is a photo resistor, it detect the flashing LED on the power meter and send a signal 

to the microcontroller to start or stop the timer that count the duration between the 2 flashes. 

Pin 3(RA1) is connected to the light sensor along with a cable to the power meter. 

 

Figure 4.5 
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• LED  

Pin 2(RA0) is connected to the LED with 5V power source; it is used to see the clock flashing 

frequency and other testing purpose. When there are errors occurring, it can be used as an 

error indicator to message the user with different kinds of flashings.  

 

• Voltage Regulator 

Figure 4.6 show the 5V regulator on the left and 3.3V regulator on the right. 9V battery is 

connected to the 3 pins TO-220 5V regulator (LM7805), the 5V is used as the power source 

for the PIC microcontroller and MAX220. 3 pins TO-220 3.3V regulator (MC33269T) is used 

for convert 5V to 3.3V as the power source for the SD Card slot. 

 

 

Figure 4.6 

 

• RS232 Driver & Connector 

Pin 17(TX) and 18(RX) is connected to a 16 pins DIP Multichannel RS232 Driver/Receiver 

(MAX220) which is intended for all EIA/TIA-232E and V.28/V.24 communication interface, 

it is very useful in battery powered system because of the low power shutdown mode reduces 

power dissipation to less than 5µW.Figure below is part of the schematics draw of the 

MAX220 chip and the RS232 connector. 

 

Figure 4.7 

 

As figure 4.7 show, MAX220 is connected with 5V to pin 16(Vcc) and Pin 2(V+). Pin 10(T2 

IN) is receiving data from the microcontroller pin 18(RX) and send over pin 7(T2 OUT) to the 
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RS232 pin 2(TX). Pin 13(R1 IN) is receiving data from the RS232 pin 3(RX) and send over 

pin 12(R1 OUT) to the microcontroller pin 17(TX). 

 

 

4.1.3. PCB Layout 

 

Figure 4.8 is the PCB layout that will be printed on the PCB board. It is a single layer 

design. After the process of producing the PCB board, every component will be soldered on it. Then it 

will be tested with some small programming code to check if all the components are working fine. 

 

Figure 4.8 

 

In figure 4.9 below, the resulting hardware with all its required components is shown. The photo 

resistor connected with the blue cable and the battery plug can also be seen in the figure.  
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Figure 4.9: External Hardware PCB with the PIC microcontroller, the RS232 port and the photo sensor 

connected to it.  
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4.2. SOFTWARE 

 

For the initial implementation of the software, the PIC development board shown in Figure 4.9 

is used while the actual hardware is being built. The board is used with an 8 bit PIC18f2580 and a 

Microchip programmer unit. 

 

 

Figure 4.9: Olimex 28-pin PIC development board 

For coding part, MPLAB is used as the editor and CCS is used as the compiler. The editor and 

the compiler are chosen for their ease of usage and helpful features they provide to speed up the 

progress. CCS compiler includes many of the low level drivers needed for the embedded system so the 

programmer doesn’t have to code them from scratch. However, simple functions to use the existing 

low level driver functions were also implemented. The code is written in C language, which is very 

common for embedded systems, and downloaded into the development board for debugging. 
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Basically, the project consists of three software parts:  

- Light Sensor 

- Storage 

- Communication 

4.2.1. Light Sensor 

First part is getting the sensor signal. The light sensor placed on the power meter is connected 

to the I/O pin of the microcontroller. When the LED flashes, the pin state becomes high. Then this 

change on the pin wakes up the microcontroller and the timer value is read. As each signal arrives, the 

current timer value is used for the calculation of power for that moment and it is sent to the second 

part of the software for storing the result and to the third part of the software for sending it through 

RS-232. Then the timer is restarted and upon receiving the next signal, the same process is repeated. 

 

4.2.2. Storage 

In the second part, the results coming from the calculation part are stored in an external 

storage unit. For this matter we are going to use an SD card in this project. It is chosen both for its 

flexibility and speed of transfer. It will also provide the project with large storage capacity. 

The resulting power measurements from the first part will be sent to this unit via the I/O pins 

of the microcontroller and included in the project will be a storage management system in order to 

organize and keep track of the measurement results. The system uses linked lists to keep the data 

organized. The power consumption information, which is typically generated every 4 seconds in 

average, will be put into different categories such as daily, weekly and monthly data to make their 

access easier. The results will be kept for one month, so there will be a timeline to define days, weeks 

and months. At the end of each month, the accumulated results will be copied to a specific file in SD 

as a history log and the timeline will be reset. The history log for the previous months can then be 

accessed by taking out the SD card and mounting it on a PC.  

 

4.2.3. Communication 

In the third part, the results that are stored in external storage, which is the SD card in this 

case, will also be sent to RS-232 communication port to display on PC terminal. The results can be 

displayed when they are calculated or in specific frequencies, such as every ten second. The PC 

terminal is also intended to be used for command inputs to the software as an optional feature. 

Currently the communication protocol is not set, but the intention is to use the protocol that the 
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company provides. That is mainly because the communication of the alarm system with other devices 

is already fixed. Therefore the project should be able to interact with the system without needing any 

changes in the company software.  

Initially, the microcontroller should be in sleep mode and should only wake up on sensor or 

timer interrupts to read the counter, calculate the power, store it and send to serial communication. 

Typically the duration between each flash of LED should be enough for the program to do its duty and 

put the PIC to sleep mode again. This kind of process should save significant battery power by using 

CPU only when it’s needed.  
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4.2.4. Process Flow 

The flowchart diagram in Figure 4.10 below represents general flow of the software with main 

functions and the interrupts to be handled. Here we will explain the basic process flow as well as the 

key functions and interrupt handling functions implemented in the embedded system. 

 

Figure 4.10: Flowchart diagram for the process 
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As seen in the flowchart, after the initialization of the system components such as timers and 

interrupts, the system itself waits in a sleep mode and every other operation is driven by interrupts. 

Basically the process can be summarized as the following: 

1. İnitialize system 

2. Start the real-time clock 

3. Go into loop and sleep 

4. Wait for interrupts 

a. If interrupt received, handle with the corresponding function 

b. If interrupt not received go to 3 

 

Now we are going to explain the main functions and interrupt handlers seen in the flowchart.  

Setup_timers 

We are using two timers of the microcontroller, which are Timer0 (or RTCC) and Timer1. The 

16 bit timer, RTCC, is used as the counter for the duration between flashes. Its source is set as the 

internal clock prescaled by 256. It is also given the initial value of 0x1b1e so it overflows every 3 

seconds, which makes it very seldom to interrupt the PIC. 

Timer1, which is also a 16 bit timer, is used as the real-time clock to count the actual time that 

passed since the device started operating. It is also set to use the internal clock but prescaled by 8. That 

makes it overflow approximately every 100 ms and a time structure is used to count this overflows. 

This way, the device will have a sense of time to be able to categorize its data (e.g. hour, day, week 

and month). 

Reset_rtc 

This part of the process is responsible for resetting the real-time clock which is driven by 

Timer1 and a time structure. It basically sets all elements of the structure object to 0. So it starts to 

count the time from the first time the device is started. This is needed to initialize the clock when the 

device first started. 

Enable_interrupts 

The software works mostly on interrupts so we are using four kinds of interrupts in the code. 

They are Timer0 and Timer1 interrupts, serial input interrupt, and Port B status change interrupt. At 

the beginning of the program we enable all these interrupts except Timer0, which is responsible for 
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counting the duration between flashes. This interrupt is enabled upon receiving the first flash signal 

from the sensor that is connected to the RB4 pin of the microcontroller. 

Sleep 

This function basically puts the microcontroller to sleep mode. Before doing that, it also 

disables all other peripheral interrupts except the ones specified above. So the PIC can only be woken 

up by the timers, serial input or the sensor. 

 

RTCC_isr 

This service routine handles the timer interrupt INT_RTCC and only increases a counter value 

when the timer0 overflows every 3 seconds so we know how many times the timer overflowed till the 

next flash.  

Clock1_isr 

This service routine handles the timer interrupt INT_TIMER1 and includes a function called 

“ticker()”. What this function does is to count the time in seconds, minutes, hours, and days using a 

time structure shown below to help categorize the result for easy accessibility. 

struct timeMeasure 

o Second 

o Minute 

o Hour 

o Day 

o Week 

//end struct 

Serial_isr 

This service routine handles the serial input interrupt INT_RDA. It is used to start-stop the 

process and to give simple commands from the keyboard to the device using the RS232 serial port. 

This routine is mainly used for debugging. 

PortB_isr 

This service routine handles the pin status change interrupt INT_RB. This interrupt is 

triggered by the signal coming from the photo sensor, which is connected to RB4 pin of the PIC. This 
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is the main part of the process that is responsible for calculations, storage and communications 

because all these actions depend on receiving the flashes. The flowchart in the Figure 4.11 shows 

those main actions and the process flow. 

 

Figure 4.11: Flowchart for the pin change interrupt 

The process starts with the interrupt coming from the RB4 pin of the microcontroller. The job of this 

process is basically reading the time since the last led flash and using that time in the power 

consumption calculation, then sending it to the memory and serial port. 

Get_time 

This function first reads the timer0 value at that moment. Timer0 is set to count from 6942 to 65536 

with 5MHz prescaled by 256, which makes it overflow every 3 seconds. Number of overflows 

between each sensor signal is also held in a variable. Time is formed by combining this value and the 

timer0 value. 
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Calculate 

This function takes the time value formed in the previous function and makes a simple calculation 

using the formula shown in Figure 4.11. Assuming the duration between two flashes of the power 

meter LED can be 0.1 second at minimum and 1 minute at maximum, the resulting value will be a 16 

bit integer between 60 and 36000. 

Send_to_RS232 

The power result calculated with the previous function is sent to the serial port via RS232. This value 

is then displayed at the PC Terminal. 

Internal_storage 

The same power value is also saved in the internal memory of the microcontroller. For this purpose 

and also to keep the values organized, a multi-layer structure set is formed. These structures are as 

following: 

Struct power_node // to hold one result 

- Power 

- *next_power_node 

- *previous_power_node 

Struct power_head // to hold the array of results for one hour 

- Entry_count 

- First_power_node 

- Last_power_node 

Struct hour  // to hold the power_head node that is one hour of data 

- Entry_count 

- *power_head 

- *Next_hour 

- *previous_hour 

Struct day 

- Hours[24] // to hold 24 hours of data in a hour array 
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5. CONCLUSION 

 

The project was planned to consist of two steps as explained in the Method chapter. At the end 

of the project requirements of the Step 1, which are described in the Requirement Specifications, are 

finished successfully. The system can get the signals from the photo sensor that is connected to the 

RB4 pin of the PIC microcontroller and calculate the power consumption result using the time 

between two signals. Time between signals is counted by the internal Timer0 (or RTCC) of the PIC 

microcontroller. System also includes an accurate real-time clock that can count up to 30 days. That is 

used to organize resulting power consumption data in categories like daily, weekly and monthly data. 

The results are 16 bit integer values representing the power consumption as watt hours. They 

are sent to the PC through the serial port using RS232 for now. On the PC Terminal, the power 

consumption result is displayed each time the photo sensor sends the signal. In Step 2, we planned to 

add the result to the communication protocol for the system to connect and send to the wireless 

module of the alarm system. We also planned to store the results in an external memory like an SD 

card because the internal memory of the microcontroller is too small to store all the result calculated in 

one month. It can only store the data that is calculated in one minute. This is approximately 10 to 60 

results. 

The required functionality of the project which is described as Step 1 is implemented and 

tested. The project can be continued from the Step 2 in the future. It is also possible to minimize the 

size of the hardware and add extra functionality to the software. The aim of the Step 2 is to handle the 

communication between the external hardware and the alarm system instead of using PC. This way it 

can be used to inform the user with different means like a mobile device (cellphone, smartphone, etc.).  
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A1. REQUIREMENT SPECIFICATIONS 

 

The Project is separated into two main parts for both ease of implementation and effective usage of 

time. These parts are also divided into categories according to their priorities and functionalities. In the 

specification categorization shown below, the entries marked with M indicate the mandatory features 

of the project to have implemented at the end. And the entries marked with W indicate the probable 

features to have implemented if we have enough time. Finally the entries marked with F indicate the 

optional features that can be implemented in the future to extend the project or can be implemented by 

the company which proposed the project.  

M=Must have 

W=Will have 

F=Future 

 

STEP 1 

 

1. Capture the LED flashing frequency from the power meter (M) 

1.1. Optic sensor with cable connection to the external interface 

 

2. Hardware(M) 

2.1. 8-bit PIC18F2580 microcontroller 

2.2. RS-232 serial port 

2.3. MAX232 serial driver 

2.4. 9V battery 

2.5. Photo resistor (LDR) 

 

3. Software Implementation(M) 

3.1. Length of one pulse is 80ms 

3.2. Time between pulses depend on sensor signals 

3.3. Program the PIC for  

3.3.1. Calculating the power consumption information 

3.3.2. Sending it to the serial port 

3.3.3. Storing the data in internal memory 



32 

 

 

4. Store the result(M) 

4.1. Internal Storage 

4.2. One minute of log data 

4.3. Use linked list for arranging data 

 

5. Output the result to PC(M) 

5.1. Communicate via RS232 

5.2. Display results on PC Terminal 

 

STEP 2 

 

6. Connect the external interface with the wireless module(W) 

6.1. Communicate via RS232 

6.2. Program the interruption handling 

6.3. Implement the communication protocol the company provides 

 

7. Long term storage 

7.1. Use SD card as the external memory 

7.2. One month of log data 

 

8. Receive and respond from the user mobile device(F) 

8.1. External interface device receive request from the user through the central unit 

8.2. Reply user with requested information 
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A2. WORK PLAN 


