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1.0 Software Design 

1.1 Introduction 

 

 Power meter is widely used in the industries but there is few points that are 

noted. Generally, the selling price of the power meter is high due to its functionality 

and capability of measuring the parameters accurately. In this project, the three main 

parameters, which are the voltage, current, and power are considered.  

 Since the measured parameters are in the form of AC, thus differential ADC is 

used to convert the analog readings to digital readings that will be processed by the 

microcontroller in the later stage. It is however, noted that it is just a fundamental 

requirement for this project. In order to be outstanding from the ordinary companies, 

extra features have to be included in designing the power meter.  

 WiFi connections can be easily found in the developed city and town nowadays. 

Thus, it is no doubt the best way to connect the power meter to the monitoring panel 

such as the computers. The users can access the data from far range without the need to 

get the measurement by looking at the power meter, rather, they can obtained the 

information they need by simply clicking on the keyboard of their computers. However, 

another security issue has been arisen when the flexibility of the product is achieved. If 

everyone is able to view the data, then privacy issue will be the main problem to the 

organization. Thus, security login is added into the system to enhance the user 

experience in addition to protect the users’ confidentiality.  

 Also, it is pointless to look at the screen of the power meter without recording 

the data measured. Hence, another great feature is included in the design. SD card is 

one of the popular storage device that is widely used. If the user can save each and 

every data measured into the SD card which form a proper logging system, then these 

data is as valuable as gold to the analyzers in analyzing the properties and characteristic 

of the power distribution at the particular area.  

 But it is pointless if the data is logged without specific time and date. 

Measurement at every moment is important to the analyzers in order to understand the 

behavior of the certain power distribution. Thus, with the purpose of recording the data 

with high precision data and time, the real time clock, RTC chip is used in order to 

provide all the necessary timing information for the system.  
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 Of course, there is one thousand and one way to enhance the usability of the 

power meter. Normal power meter comes with the black and white LCD with minimum 

cost. In order to show the data in graphical format, the power meter developed – 

EC1000 is using touch screen panel on the power meter itself. More icons and functions 

are added into the graphical panel in order to diversify the functionality of power meter.  

 Therefore, in summary, the eye-catching features of the developed power meter 

are the accurate AC parameters measurement, monitoring panel by any of the internet 

browsers with additional security login, SD card with RTC data logging system, and 

colored touch screen display. As the research goes deeper, more and more ideas are 

generated by the team which form the final product – EC1000.  

 

1.2 System Flow Diagram 

 The whole system consists of three parts – the EC1000 power meter, the access 

point (AP), and the web clients such as laptops or smart phones. The WiFi-enabled 

power meter and the web clients are connected to the same AP. When there is load 

connected to the power supply, the three important parameter, namely voltage, current, 

and power is measured. The power meter act as the web server that send data when the 

web client is requesting the web pages.  

 

Figure 1.1 System Flow Diagram 
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1.3 Flow Chart 
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1.4 Pseudo Code & Description 

 1.4.1 Differential ADC  

 In general, there is two types of ADC measurement – single ended and 

differential. Single ended ADC is normally used to measure DC analog input, 

while the differential ADC technique can be used to measure AC analog input 

as implemented in the developed power meter.  

 

Figure 1.2 Code extraction – Differential ADC 

 In the early stage, single ended ADC is used because it is relatively 

simpler to implement compared to differential ADC. However, to obtain 

accurate AC readings, differential ADC must be used. The figure above is the 

codes to configure the ADC module of the microcontroller. The important fact 

is that TM4C1294NCPT is the chip model that is used in this project. There is 

two 12-bit ADC modules that can be operating independently to execute 

different sample sequences. Each ADC module has four sample sequencers that 

control the sampling and data capture. In this project, the ADC sample sequence 

is set to 2 (SS2) with four samples to be capture at once.  

 It is noted that the Kentec Touch Screen panel is using the ADC0 module 

to control and read the coordination of every touch. Therefore, in order to avoid 

any possible conflict between the touch screen and ADC measuring, ADC1 

module is used to measure the voltage and current instead. PE3 and PE2 

(Channel 0), and PE1 and PE0 (channel 1) is used as the input pin. The first two 

sample for sequencer 2 is used to measure the input voltage whereby its 

amplitude is adjusted with a variable resistor to an appropriate extend that is 

safe to be the Tiva Connected Launchpad input. The other two samples is used 

to measure the current whereby the input is generated by the current transformer 

that connected to a series load resistor (10 ohm).  
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 With the purpose of obtaining high accuracy measurement, the 

differential ADC is carried out in interrupt basis. Based on the Figure below, 16 

samples are taken from one cycle of the signal. To obtain the rms value, all the 

16 samples obtained must be squared before adding together and divided by the 

total number of samples. Ultimately, the rms value is calculated by square 

rooting the obtained answer from the mentioned algorithm. In short, the rms 

value formula is Vrms = √
𝑠𝑢𝑚 𝑜𝑓 𝑉2

𝑛𝑜 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
.  

 

Figure 1.3 Code extraction – RMS value calculation 

 As shown in the figure above, the formula is expressed in term of codes 

and therefore, by this way, the rms value for voltage, current, and power can be 

accurately calculated.  

 

Figure 1.4 Total of 16 samples taken per cycle 

 If we assume the Malaysia power distribution is 50 Hz, then the time 

taken for each cycle is 0.02s. With 16 samples to be taken, one sample takes 

around 1.25 ms to complete. It is essential to make sure the system collect the 

sample in every 1.25 ms. The timer interrupt is configured as followed. Period 

in the code means the time interval of each sample taken. The timerA0 therefore 

is enabled and activated.  
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Figure 1.5 Timer configured for trigger interrupt  

 

1.4.2 WiFi Connectivity with Security Login  

 The WiFi connectivity can be established by using the CC3000 module 

as illustrated in the following figure. It can be easily plugged into Tiva 

Connected Launchpad, Tiva C Series, and MSP430 Launchpad.  

 

Figure 1.6 WiFi module – cc3000 

There are few functions that need to be programmed in order to utilize 

the CC3000. The detail is shown in the figure below.  

 

Figure 1.7 Sub-function for WiFi connectivity 

 In this project, Tiva Connected Launchpad is acting as the webserver 

that will establish connection to the access point which can be the WiFi router 

or hotspot from the mobile phone. The web browser which act as the web client 

can retrieve information such as time, date, and measurements from the web 

server as long as both the devices are connected to the same access point.  
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 Therefore, to elaborate more, Tiva Connected Launchpad must first 

connected to the access point, a specific port, which in this case is set to be 8080 

to host a web server. Then, the web server will continuously receiving and ready 

to accept any request from the client. When any data is received, the request is 

processed and then appropriate action will be taken, such as sending the 

homepage or the content page to the web client that request the information. 

After the process completed, the socket will be closed and the Tiva Connected 

Launchpad will continue listen to any incoming request for the information.  

 

Figure 1.8 JavaScript to create an online form to request username and password. 

 Also, the security issue is greatly considered in the design whereby the 

user need to key in their user name and password in order to login to the server 

to receive and observe the measurement values through the monitoring panel by 

using web browser. The html code that used to create the username and 

password form is shown in the figure above. When the keyed-in value is 

equivalent to the pre-set value, then the page will be redirected when the login 

button is pressed. The details can be seen in the following figure.  
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Figure 1.9 Web page requested for the web client 

 The main page of the company monitoring panel is shown in the picture 

above whereby the user require to login with the correct username and password 

in order to access the monitoring panel.  

 

Figure1.10 Measurement is sent to the web client upon request. 

 When the password is correctly entered, the monitoring page is 

redirected. The measurement for voltage, current and power can be clearly 

observed in the power meter designed. In addition, there is three more button 

on the screen. The first button is connected to the Facebook page, thus it will 

redirect the user to Electra Corp Facebook page when this button is pressed. 

Also, the user manual can be downloaded by clicking the second button. The 
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last button is basically a return button that will return to the main page where 

the user need to login again in order to access the monitoring panel.  

 

Figure 1.11 Error message prompted out when wrong username or password is 

entered. 

 When the username or password entered does not match with the real 

values, the dialogue box will appeared which will inform the user to contact the 

administrator for further assistance.  

 

1.4.3 SD card Data Logging 

SD Card function has been developed inside Power Meter 

EC1000.Basically, the SD card acts as a function for data logging for the info 

of the power meter such the real time clock and date , reading of the power 

meter (voltage, current and power) and others. SD card data logging is very 

important for the user to review the real time reading anytime. 

   

SD card need a protocol called Synchronous Serial Interface (SSI) 

modules. Inside the TM4C1294 connected microcontroller includes four 

Synchronous Serial   Interface (SSI) modules. Each SSI module is a master or 

slave interface for synchronous serial communication with peripheral devices 

that have either Freescale SPI, MICROWIRE, or Texas Instruments 

synchronous serial interfaces. 

 

The SD-memory card exhibits nine pins that are used to support 

electrical communication in two alternative communication protocols: SD and 
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SSI. The host system can choose either one of these modes. The card detects 

which mode is requested by the host when the reset command is received and 

expects all further communication to be in the same communication mode. 

Figure below is shapes and interfaces of SD-memory card. 

 

 

Figure 1.12 Shapes and interfaces of SD-memory card 

 

Table 1.1 SD mode 

 

The SD bus includes the following signals: 

• CLK: host to card clock signal 

• CMD: bidirectional command/response signal 

• DAT0 - DAT3: four bidirectional data signals 

• VDD, VSS1, VSS2: power and ground signals 
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Table 1.2 SPI mode 

 

The SSI bus includes the following signals: 

• CS: host to card chip select signal 

• CLK: host to card clock signal 

• DataIn: host to card data signal 

• DataOut: card to host data signal 

 

 

Notes :  The SPI interface uses 7 out of the SSI 9 signals. ( DAT 1 and DAT 2 

are not using and DAT3 is the chip select(CS) signal of SD Bus. 

 

 

Figure 1.13 Self-fabricated SD card module 
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Inside the Code Composer Studio, there is a need to include the third 

party file called fatfs. Inside the fatfs, there is compulsory to define which SSI 

modules need to be used in Tiva Connected board. 

Beside inside the main.c file, must insert the below code for called the 

SSI module that have been defined. 

 

 

 

 

 

 

 

Figure 1.14 Configuration for the SSI ports 

 

Figure 1.15 Configuration for the SSI3 

 

 

 

 

 

 

 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOF); 
SysCtlPeripheralEnable(SYSCTL_PERIPH_SSI3); 
GPIOPinConfigure(GPIO_PF3_SSI3CLK); 
GPIOPinConfigure(GPIO_PF2_SSI3FSS); 
GPIOPinConfigure(GPIO_PF1_SSI3XDAT0); 
GPIOPinConfigure(GPIO_PF0_SSI3XDAT1); 
GPIOPinTypeSSI(GPIO_PORTF_BASE, GPIO_PIN_0 | 

GPIO_PIN_1 | GPIO_PIN_2 | GPIO_PIN_3); 

/* Peripheral definitions for DK-TM4C129X board */ 
/* SSI port */ 
#define SDC_SSI_BASE            SSI3_BASE 
#define SDC_SSI_SYSCTL_PERIPH   SYSCTL_PERIPH_SSI3 
 
/* GPIO for SSI pins */ 
/* CLK pin */ 
#define SDC_SSI_CLK_GPIO_PORT_BASE   GPIO_PORTF_BASE 
#define SDC_SSI_CLK             GPIO_PIN_3 
/* TX pin */ 

#define SDC_SSI_TX_GPIO_PORT_BASE   GPIO_PORTF_BASE 
#define SDC_SSI_TX              GPIO_PIN_0 
/* RX pin */ 
#define SDC_SSI_RX_GPIO_PORT_BASE   GPIO_PORTF_BASE 
#define SDC_SSI_RX              GPIO_PIN_1 
/* CS pin */ 
#define SDC_SSI_FSS_GPIO_PORT_BASE   GPIO_PORTF_BASE 
#define SDC_SSI_FSS             GPIO_PIN_2 
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1.4.4 Real-Time Clock  

 

Real-Time Clock is one of the additional function for the EC1000 Power 

Meter. Real-Time Clock play an important part for the SD card data logging. 

To apply the real time clock feature, there is a need of Inter-Integrated Circuit 

(I2C) protocol 

 

The Inter-Integrated Circuit (I2C). bus provides bi-directional data 

transfer through a two-wire design (a serial data line SDA and a serial clock line 

SCL), and interfaces to external I2C devices such as serial memory (RAMs and 

ROMs), networking devices, LCDs, tone generators, and so on. The TM4C1294 

microcontroller includes providing the ability to communicate (both transmit 

and receive) with other I2C devices on the bus. 

 

 

TM4C1294 microcontroller has an internal clock to calculate the real 

time clock. However, the TM4C1294 microcontroller does not have the 

Vbattery inside the MCU. Therefore, we need an Vbattery for back-up for the 

system to continue calculate the time when there is no source for the MCU while 

the real time clock keep running and up-to-date. 

 

Real time clock can be made by using DS1307 serial real-time clock. 

The DS1307 serial real-time clock (RTC) is a lowpower, full binary-coded 

decimal (BCD) clock/calendar plus 56 bytes of NV SRAM. Address and data 

are transferred serially through an I2C, bidirectional bus. The clock/calendar 

provides seconds, minutes, hours, day, date, month, and year information. The 

end of the month date is automatically adjusted for months with fewer than 31 

days, including corrections for leap year. The clock operates in either the 24-

hour or 12- hour format with AM/PM indicator. 
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Figure 1.16 typical operating circuit of DS1307 connection. The Crystal is 

32.768kHz to generate the clock for the system. 

 

 

Figure 1.17 Real Time Clock PCB Booster Pack 

 

Initialisation of RTC is configured as in Figure 3.18. Here there are two 

important inputs that need to defined are SDA and SCL pin to the TM4C1294 

MCU. Both the SDA and SCL are the serial communication between the 

DS1307 RTC and MCU.  

 

Besides, there is need of “I2C_MASTER_CMD_BURST_SEND” and 

“I2C_MASTER_CMD_BURST_RECEIVE” between the MCU and DS1307. 

‘I2C_MASTER_CMD_BURST_SEND’ need to insert before the main.c 

while ‘I2C_MASTER_CMD_BURST_RECEIVE’ insert on the while loop. 
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Figure 1.18 Code extraction – RTC initialisation 

 

1.4.5 Touch Screen Panel 

 

Figure 1.19 Touch screen panel is placed on top of the Tiva Connected  
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 The measurement of voltage, current, and power is displayed on the full 

color touch screen panel, manufactured by Kentec. Tiva Connected Launchpad 

has its own library for the graphics primitives and widgets sets for creating 

graphical user interfaces on the display panel. Widgets are the element that 

enable the user to control the graphical and touch screen elements. Example of 

widget frameworks are the canvas, checkbox, container, push button, radio 

button, slider, and listbox.  

 

Figure 1.20 Code extraction – Push buttons configuration 

 Although there is a lot of widget that is available in the graphical library, 

but only two of the available functions are used, which is the canvas and 

rectangular push button. The canvas is used as the background for all the pages, 

whereas the rectangular push button is used to represent the icon for all the six 

functionality that is programmed, includes the monitor, internet, screen-color 

test, company profile, reset, and voltage waveform viewer icons.  

 When the specific push button is pressed, an appropriate action will be 

taken in order to perform the particular task.  

  

1.5 Development Tools 

 The development software that is used to program the Tiva Connected 

Launchpad is called as Code Composer Studio with the latest version of v6.1.0. It is the 

IDE that support numerous TI’s microcontroller and processors. All the amazing 

features include C/C++ compiler, source code editor, project build environment, 

debugger, profiler, and GUI compiler.  
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Figure 1.21 Code Composer Studio  

 The simple, yet compact IDE allow the user to program their microcontroller 

and development board in a much efficient way and reduced cost. The screen captured 

software interface is shown in the following figure where it consists of workspace editor, 

code editor, console, problems, and advice windows.  

 

Figure 1.22 User interface of Code Composer Studio. 


