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Abstract: Compared with touch-tone operation photo frame, touch-screen digital photo frame possesses some 
standing-out features such as huge storage capacity, and good software maintainability. Touch-screen digital 
photo frame introduces the embedded real-time systems through the application of Mini2440 analog digital 
photo frame system and Modbus protocol. µC/OS-II real-time operating system is added up to the newly 
developed platform, which is featured for photo show, slide show and system configuration. This study plays a 
significant role in demonstrating advantages of application of µC/OS-II system, which contributes to a high 
quality of photos, short response time, large storage space and user-friendly interface. Copyright © 2013 IFSA. 
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1. Introduction 

 
1.1. This is a Subtitle Example 
 

µC/OS-II is a real-time preemptive multitasking 
operating systems based on priority, including 
functions of real-time kernel, task management, time 
management, inter-task communication synchron-
ization, and memory management [1, 2]. On the 
platform, each task can be independent and mutual 
non-interference, which is easy to achieve on-time 
and correct implementation of the real-time 
application design and expansion. That is to say, 
µC/OS-II greatly contributes to simplify the design 
process. The µC/OS-II operating system featured for 
small and exquisite structure, opened source code, 
which is designed for the systems and software 
development of the micro-controller, being able to 
seize the real-time multi-task kernel. 

Code of the µC/OS-II system is written in 
majority of ANSI C language, including a small part 
of the assembly code to make it available for 
different microprocessor architecture [3]. So far, 
µC/OS-II has been widely used all over the world, 
referred to various areas, such as mobile phones, 
routers, hubs, uninterruptible power supplies, aircraft, 
medical equipment and industrial control. In fact, the 
µC/OS-II system has passed a very rigorous testing, 
and got a certification released by the U.S. FAA, 
which is allowed to be used in aircraft. These indicate 
that the µC/OS-II system is stable and reliable. In 
addition, the outstanding feature of µC/OS-II system 
is open-source, and easy to transplant and 
maintenance [4, 5]. What's more, the implementation 
of µC/OS-II is highly effective, taking small space, 
and with strong portability and good real-time 
performance. Given a different priority task to each 
task, µC/OS-II real-time operating system can 
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effectively task scheduling to ensure timely response 
to each task, and reduce the complexity of  
the program. 

 
 

1.2. The Research Background of Digital 
Photo Frame  

 
Living in the modern society, developing from the 

touch-tone operation into the touch-screen operation 
is an inevitable trend for almost all modern electronic 
products, regardless of mobile phones or laptops, 
even children's toy games [6]. Since the emergency 
of digital photo frame products in 2008, it has 
provided huge opportunities to enterprises and the 
industry chain. At present, the market gradually 
became mature, which leads to an increasing market 
demand such as in the cases of moving into new 
houses, festivals, weddings etc. Ultimately, digital 
photo frame which helps to bring huge convenience 
by science and technology, gradually replaced the 
demand of paper-based and stent photo frame. 
However, the market development of digital photo 
frame in China has to overcome two major 
difficulties: the price and application space [7]. From 
the standpoint of technology, development of future 
digital photo frame will be polarized [8]. Part of the 
product focuses on stressing some basic functions 
and low-cost, such as integrating alarm clock, 
calendar and family decoration into the function. 
Low-cost strategy is adopted by these products. 
Another part of the products adds some new 
functions, such as Wi-Fi, DVB-T, real-time reporting 
weather, stocks and other information. Thereby, they 
are expected to become a "desktop information 
center". In addition, the touch panel will become a 
new bright spot of an application. Undoubtedly, the 
embedded system is one of the most popular and the 
most promising IT applications [9]. 

 
 

2. Research Methods and Techniques  
 
2.1. Theory of Knowledge 

 
Main theoretical knowledge points mentioned in 

the project include: 
1) Embedded system principles and interface 

technology: LCD works with the driver; Touch 
screen works and the driver, AD data acquisition 
theory and program design, using EEPROM I2C 
access methods, principles and program design of 
real-time clock; 

2) The Modbus Protocol: Protocol composition, 
how it works, how to use them; 

3) µC/OS-II operating system [10, 11]: 
application development, all kinds of communication 
mechanisms between the tasks of theory and  
program design; 

4) Development of methods: development of 
software engineering processes, DARTS real-time 

software analysis and design, software  
quality assurance; 

5) Development tools: ADS1.2 methods, the use 
of embedded cross development methods. 
 
 
2.2. Basic Experiment 

 
This project involves the following major  

basic experiments: 
1) LCD test [12, 13]: English characters in LCD 

initialization, LCD display, LCD graphic display, 
LCD display color settings, and so on. 

2) Touch screen experiment: initialization. Touch-
screen based on elements such as break contact 
coordinates get in the way. 

3) Real time clock (RTC) experiment: initialization 
of the real-time clock chip, reading and setting of real 
time clock time parameters, and so on. 

4) Simple application of the Modbus 
communication protocol: between two experimental 
tanks (plate) using Modbus Protocol  
simple communication. 

5) ADC experiment [14, 15]: initialization of the 
ADC, ADC system onboard voltage of DC voltage 
source method, and so on. 

6) I2C bus experiment: I2C bus initialization, 
settings, data read/write methods, the I2C bus 
EEPROM read/write methods, and so on. 

7) RS485 experiment: initialization settings of 
RS485, RS485 communication methods, and so on. 

8) µC/OS-II basic experiment: including µC/OS-II 
system initialization, multitasking application 
programming, communication mechanism between 
the tasks. 

 
 

2.3. Design Goals 
 

The goal is to design a digital photo frame system, 
which was developed by the Mini2440 development 
board. There are primary three goals for the digital 
photo frame system: improving accuracy, reducing 
the response time of touch screen, and enhance the 
robustness of the system. Specifically, the system 
designed has to meet the following requirements: 

1) Use Mini2440 analog digital photo  
frame system. 

2) Mini2440 and pc machine get code downloads 
and pictures via USB cable and serial cable operation. 

3) Pictures stored in Mini2440 can be displayed on 
the LCD, and complete the related action. 

 
 

2.4. Functional Goals 
 

1) Provides GUI functionality, supports power on 
the beautiful main interface; Provides photo gallery, 
slide shows, and features such as system 
configuration can be easily switched between the 
various functions. 
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2) Photo browsing supports the function of 
manually turning the page in both directions. 

3) Slide navigation features play, pause function. 
4) System configuration function should provide 

the system time setting, product information, pictures, 
and information functions. 

5) This product supports BMP photo formats.  
Below is part of the programming code:  
/* Definition of the task that stack */ 
OS_STK MainTaskStk[MainTaskStkLengh]; 
OS_STK GetBottonTaskStk 

[GetBottonTaskStkLengh];  
OS_STK PhotoTaskStk[PhotoTaskStkLengh]; 
OS_STK SlideTaskStk[SlideTaskStkLengh]; 
OS_STK SystTaskStk[SystTaskStkLengh]; 
OS_STK LCDTaskStk[LCDTaskStkLengh]; 
OS_EVENT *PhotoMbox; 
OS_EVENT *SlideMbox; 
OS_EVENT *SystMbox;  
OS_EVENT *CoordQ;  
void *CoordArray[10];  
OS_EVENT *LCDPhotoQ; 
void *LCDPhotoArray[5]; 
OS_EVENT *LCDSlideQ; 
void *LCDSlideArray[5]; 
OS_EVENT *LCDSystQ; 
void *LCDSystArray[5]; 
OS_EVENT *BacktoButtonTask. 

 

2.5. Operating Environment 
 

1) This project needs to complete software 
development, required hardware use Mini2440 
Development Board. 

2) Supporting software: the project needs to design 
real-time multi-tasking applications, choose  
µC/OS-II system as a platform, for integrated 
environment using ADS1.2. 

 
 

2.6. User Interface 
 

User interfaces are shown in Fig. 1.The four sub-
pictures are main interface, Photo gallery, Photos 
show interface and Interface of system configuration 
subsequently. 

 
 

3. Experiment 
 

3.1. Data Flow Analysis 
 

Define abbreviations and acronyms the first time 
they are used in the text, even after they have been 
defined in the abstract. Abbreviations such as IEEE, 
IFSA, ac, dc, ms, etc. do not have to be defined. Do 
not use abbreviations in the title or heads unless they 
are unavoidable. 

 

 
 

(a) Main interface; (b) Photo gallery; (c) Photos show interface; (d) System configuration interface. 
 

Fig. 1. User interfaces. 
 
 

According to DARTS design method, the results 
of analysis needs analysis in the previous step to 
make data flow analysis, and draw the following data 

flow diagram. Part of the programming code is 
shown below: 
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int Main(int argc, char **argv) 
{OSInit ();  

OSTimeSet(0); 
OSTaskCreate(MainTask,(void*)0,&MainTaskStk
[MainTaskStkLengh-1], MainTaskPrio); 
OSStart (); 
return 0;} 
 
 

3.2. The Division of Tasks 
 
The task module is divided as shown above in 

Fig. 2: a total of seven tasks include initialization 
task, touch screen task command recognition tasks 
browsing tasks, photos, slide show tasks, system 
configuration tasks, LCD display task. 

 
 

3.3. Program Flow Chart for Tasks 
 
Fig. 3 is a flowchart regarding to command 

recognition and information processing tasks and part 
of its programming code. 

 

3.4. Coding and Testing 
 

Start measuring ADS 1.2. In c code, use 
DebugRel to generate the target, then compile-link 
works, to find the results. And debug is shown  
in Fig. 4. 

 
 

4. The Study Results 
 

4.1. Loading Debug 
 

Development of the 'digital photo frame' has 
passed a number of modifications; in CodeWarrior 
we build a debug file, now it is to be staged in the 
ADX and Board-level debugging. Click Debug in the 
ADX, load the debug file. In the absence of 
experimental box when connected to the computer, 
the program did not appear errors.  

During the debugging process, we connect 
together our computer and the test chamber through 
data lines, turn on computer HyperTerminal, then 
start up the test chamber; the HyperTerminal will 
have a corresponding reaction. 

 
 

 
 

Fig. 2. Data flow graph. 
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Fig. 3. Commands recognition program flowchart. 
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Fig. 4. Debug. 
 

 
Finally we open DNW and have the 

corresponding data set. Clicking on the USB port in 
transmit/restore will require 2440ucos example file to 
be loaded into the test box; test chamber will have 
corresponding changes according to the pictures and 
procedures we designed and loaded [16]. 

Photo gallery, photo shows, and system 
configuration are three main tasks of the program we 
designed in the research. Respectively, click on 
photo gallery and photos displayed in the main 
interface, you will jump to the corresponding photo 
gallery and photo show interface. Photo browsing is 
to display a picture, clicking the picture to the back 
button takes you to the main interface, click the left 
button to jump on the preview next pictures. As for 
photo show, you can click on the play and pause 
features to play and pause. System configuration has 
7-button tasks, click on the photo information, 
pictures, information, OK to return. There is the 
system time settings accordingly to achieve its 
function. Click return and return to the  
main interface. 

Fulfillments of these tasks are as we design, there 
is no error. 
 
 
4.2. Summary 

 
Embedded system is a kind of dedicated system 

completely embedded within the controlled device 
[17-19]. Compared to general system of personal 
computer, embedded system is usually performed 
with specific requirements of pre-defined tasks. 
Owing that the embedded system is only aimed at a 
specific task, which makes the designers can 
optimize it, downsize and reduce costs [20]. As 
embedded systems are usually massively produced, 
saving of per unit cost can be enlarged by hundreds 
of production. 

This study successfully applies the µC/OS-II real-
time operation system into digital photo frame 
system, which primarily focuses on three functions: 

photo gallery, photo shows, and system 
configuration. What's more, multi-tasking 
scheduling, and design of the communication 
mechanism based on two-level state machine greatly 
helps to deal with the problem of multi-messaging 
between task complexities. However, there are 
disadvantages in newly designed digital photo frame: 
both portion of tasks and user operation interfaces 
need to be improved. 
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