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Multimedia environmental monitoring involves capturing valuable visual and audio 

information from the field station. This will permit the environmentalists and researchers to 

analyze the habitat and vegetation of a region with respect to other environmental specifics like 

temperature, soil moisture, etc. This thesis deals with the development of a test bed for 

multimedia monitoring by capturing image information and making it available for the public. A 

USB camera and a Single board computer are used to capture images at a specified frequency. A 

web-client is designed to display the image data and establish a secured remote access to 

reconfigure the field station. The development includes two modes of image acquisition 

including a basic activity recognition algorithm. Good quality images are captured with the cost 

for development of the system being less than 2 hundred dollars. 
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CHAPTER 1 

INTRODUCTION 

1.1  Background and Motivation 

 Environmental monitoring is the process of collecting environmental specifics of a 

particular area like temperature, wind speed, wind direction, barometric pressure, soil moisture, 

solar radiation etc.  The use of wireless sensor networks (WSN) has provided a solution for 

unattended environmental monitoring [1]. A WSN is a network of autonomous compact sensor 

nodes (motes) that wirelessly communicate among each other to monitor a specific area. These 

nodes are capable of performing complex operations with low power consumption.  

The current systems present at the Greenbelt Corridor State Park, US-380, Denton and 

Discovery Park Weather Station at University of North Texas, Denton are an integration of wired 

and wireless sensors. These weathers stations gather the environmental data by deploying an 

electronic collecting device called data logger, wired environmental sensors like thermometer 

and barometer and a network of wireless sensor nodes. The data that is assembled is transmitted 

to the CRI system web server located at Discovery Park. The CRI system web server is the CRI 

project server where all the collected data received are processed, refined and finally made 

available for public access via Internet through the Texas environmental observatory (TEO) web 

portal www.teo.unt.edu. [2]. The major difference between the two weather stations is the mode 

of communication used in transmitting the data to the server. The weather station at Greenbelt 

uses the GPRS (general packet radio service) technology provided by Sprint and the weather 

station at the Discovery Park uses the Wi-Fi technology [3].  

This existing system is the implementation of a low power [4] and low cost [3] 

environmental monitoring for analyzing the weather changes and climate. Although a seamless 

http://www.teo.unt.edu/
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integration of wired and wireless sensors is implemented with an innovative high speed low cost 

Wi-Fi technology, there is no provision for a real-time monitoring of the habitat and the 

vegetation. This will require the multimedia information like images and audio data from the 

weather stations. 

Surveillance cameras are extensively used to monitor a specific area by capturing either 

still images or video [5][6][7]. Typical purpose of these surveillance cameras is to monitor the 

activity and behavior of people. Lately, some research is also done on image acquisition system 

for field monitoring using USB webcams [8][9][10] leading to the development of low cost 

systems that can only capture images. 

 This thesis deals with building a low cost autonomous multimedia environmental 

monitoring system by using the existing weather station sites at Greenbelt and Discovery Park to 

observe the habitat and aid the environmentalists with valuable visual information. Images are 

captured automatically with a specific sampling rate. This image data is available for future 

references through a web client. The entire system is developed to minimize the human 

involvement in capturing and analysis of environmental images. 

 

1.2  Objectives of the Research 

Multimedia environmental monitoring involves capturing visual and acoustic data at a 

particular location. The ultimate aim of this research is to develop a system that can monitor the 

habitat and vegetation at the existing weather station by constant capturing of image and audio 

samples. The audio data can also be used to detect any activity which will trigger the camera. 

This data will be available over the internet for environmental researchers and the local citizens. 
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This thesis only deals with constant visual monitoring by taking images. The key objectives are 

identified as: 

a. Autonomous multimedia environmental monitoring 

The primary objective of this thesis is to develop a self-governing Image acquisition 

system. The lowest frequency of capturing images is 1 per every 15 minutes, which is almost 

equal to the sampling rate of other sensing devices in the field station. This provides a near-real-

time data set. The image acquisition has two modes of working; one mode involves taking 

images at a specific sampling rate and the second mode involves recognizing an activity that will 

trigger the camera to capture images. The second mode will only concentrate on activity hence 

reducing the amount of storage space required but the data obtained is minimum and not enough 

for environmental image analysis. 

b. Publicly available image data 

It is important to make the image data publicly available to benefit the environmental 

researchers. Both current and historical data must be readily available on request of the date and 

time the image was captured. By selecting a time period (providing two time stamps), the user 

must be able to view a time-lapse video along with the images. 

c. Remote monitoring and management 

The multimedia monitoring system is deployed in remote and sometimes inaccessible 

areas. A remote access to the system is extremely useful for altering variables like sampling rate 

and mode of operation. It is also important to remotely adjust the system configurations and 

update or upgrade the software. Thus, a seamless communication protocol must be established 

between the end user and the weather station. 
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1.3  Contribution of the Research 

Using a Linux Board, Images are periodically taken and transferred to the server. An 

existing communication link between the field station and the server is utilized to transfer the 

data. The images are archived in a MySQL database along with important image information like 

the time and date it was captured. A web client displays the image data according to the user 

specification and also communicates with the weather station to change the sampling rate or to 

take an instantaneous image. 

The activity recognition system is added to the system as a mode of operation where any 

activity in the field is recognized and a set of images are taken accordingly. This algorithm was 

implemented in a hardcore manner by comparing two consecutive images and setting a threshold 

value to define an activity. From the experimental results, it is shown that this approach is 

effective indoors but is not very successful in case of outdoor recognition because of the constant 

change in intensity values caused by inevitable movements of the surroundings.  

 

1.4.1 Organization of the Thesis 

The rest of the thesis is organized as follows: 

Chapter 2 describes the overall system architecture and a top level description of the 

working. The system has two modes of operation and the weather station can be remote accessed 

to select between these modes. A detailed explanation of these modes and the variation in data 

caused by selection one of these modes is given in this chapter. 

Chapter 3 deals with the detailed description on development of the field station. An 

explanation of all the modules of the system is provided. This chapter includes hardware and 

software description of the components used in the work. 
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Chapter 4 deals with the development of inter-communication protocols in the system. 

The communication link between the field station and the server and the communication between 

the web interface and the filed station is discussed in this chapter.  

 Chapter 5 provides some initial results along with some screenshots of the web client and 

comparative study between the operational modes followed by summary of the entire work and 

potential for future development in chapters 6 and 7 respectively. 
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CHAPTER 2 

OVERALL SYSTEM ARCHITECTURE 

2.1  Introduction 

The multimedia environmental monitoring involves capturing of visual and acoustic 

environmental data. This thesis proposes a low cost autonomous visual monitoring system with 

publicly available image data. The image acquisition has two modes of operation for different 

monitoring purposes. The detailed description about the modes of operation and the working of 

the system is given in this chapter.  

 

2.2  System Architecture and Block Diagram 

The existing weather stations at Greenbelt (GBC-WS) and Discovery Park (DP-WS) 

incorporate an integration of wired and wireless sensors but use different modes of 

communication in transmitting the data to the server. A low cost high data rate Wi-Fi technology 

is implemented at Discovery Park that provides a communication link between Discovery Park 

and the EESAT building. Whereas, the GBC-WS uses a GPRS modem provided by Sprint to 

transmit the data. This is expensive considering a regular fee charged by the service provider and 

the data rate is quite low compared to Wi-Fi. This thesis is developed to be compatible with the 

Wi-Fi technology at Discovery Park. 

Capturing of images at the weather stations is preferred over video monitoring as there is 

minimum activity around the weather station and thus a set of images will provide the required 

information. By doing this the memory required for storage and the communication load while 

transmission can be reduced. The working of the system can be divided into three major 

segments; capturing the image data and transmitting them to the server, receiving the data at the 
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server end and storing it in a database, and finally presenting the images to the public. The entire 

system must be autonomous to reduce the human involvement in physically visiting the weather 

stations for collecting the images and for maintenance.  

 The necessary hardware required for this application is a processing unit which is a single 

board computer in this case that is capable of autonomous and constant reading of data from a 

camera and writing it onto an image file. The block involved in working of the system is given in 

Fig 2.1.  

 

Figure 2.1: Block diagram 

To satisfy the necessary design requirements, the ALIX single board computer is used to 

implement the first segment for capturing images, processing them and transmitting to the server. 

The ALIX SBC is only a processing unit which will require Linux operating system to build an 

application. A detailed description about the ALIX and the Linux installed on it is provided in 

chapter 3. The flow chart of the first module is shown in Fig 2.2 

Network 
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Internet
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Figure 2.2: Block diagram of the first module  

With all the required packages and driver installed on the Linux, the data from the camera 

is read using pre-defined API functions. The API provides functions for reading raw data and 

intensity levels from the camera. The image is a grey level 640x480 image and its size on the 

disk is about 300KB. This raw image with the extension .pgm is first converted into a color 

(.ppm) image using transformation techniques increasing the size of image to 900KB. This image 

is then compressed into a jpeg format to reduce the size and also to make the image compatible 

with the web clients. The ppm to jpeg conversion is done using the predefined Netpbm library 

which has several programs to convert the image formats.  

The compressed image is transmitted to the server using the Tcp/Ip server client protocol. 

The image is first read in binary format and each pixel is sent to the server by writing onto the 

socket. For testing purposes, a network switch and an ethernet cable is used to connect the server 

and the ALIX board. While deploying the system at the weather station, the network switch can 

be replaced by a Wi-Fi Nanostation [2].  

The image acquisition has two modes of operation depending on the required result data. 

The first mode involves automatically capturing of the images with a certain frequency. The 
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default and the maximum frequency is 1 image per 120 seconds resulting around 720 images per 

day. These images will aid in observing the changes taking place around the weather station 

through a time-lapse video. Time-lapse video for a longer period like few weeks or months can 

show some interesting changes in the vegetation. The second mode of operation is based on 

recognizing an activity which can trigger the camera to capture a set of images, thus 

concentrating on major activity like animal or human movements. Hence, reducing the number 

of images stored. The image captured in either of the modes is sent to the server. The flow chart 

of both the modes is given in Fig 2.3 (a) and (b).   

 
Figure 2.3(a): Flow chart of the first mode: constant capturing of images. 

 

 

Figure 2.3(b): Flow chart of the second mode: capturing images with activity recognition 
algorithm. 
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The second segment of the system is on the server side where the received images are 

stored in a database. A MySQL database is created to automatically store the images in a Table 

along with the time and date they were captured (Fig 2.4). A MySQL API is available for C that 

will allow the automatic insertion of images into a Table. The server also receives commands 

from the web client and stores them temporarily. When requested by the ALIX, these commands 

are sent to it. A more detailed description on these commands is given in chapter 3. 

 

Figure 2.4: Images stored in the MySQL database 

The final section deals with making the image data publicly available. A web portal is 

built which can display the latest and historical images. The user can make the time and date 

selection to view the corresponding image.  

 

Figure 2.5: Part of the web application to view historic image data 

The web-client also provides a remote access to the ALIX in the field station thus 
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enabling the user to change the parameters like the rate at which the images are take, change the 

mode of working and take an instantaneous image. These user commands from the web client are 

sent to the server where they are stored till the ALIX requests for the commands. Fig 2.6 gives a 

pictorial representation of the working of user commands. 

 

Figure 2.6: Flow chart of user commands to the ALIX 

A low-cost autonomous image acquisition system is developed with a publicly available 

image data. Remote access to the field station allows user to change the parameters and select the 

mode of operation. With two modes of operation, the system can be used for either long term 

observation of the surroundings or the activity of the habitat. 
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CHAPTER 3 

DEVELOPMENT OF FIELD STATION 

3.1.1 Introduction 

The development of the system has both hardware and software requirements. A working 

environment to build the application is setup with all the required hardware components. The 

software application is then developed by breaking down the application requirement into three 

different modules. A detailed description of the hardware setup followed by the development of 

the application and working of the three modules is given in this chapter.   

 

3.2 USB Camera 

A camera is an electronic device that captures images. The ALIX single board computer 

(SBC) has two USB ports, enabling it to support a USB camera. The SBC runs an operating 

system where the required drivers are installed and the application is built. The Voyage Linux 

used in this work comes with the USB video class (UVC) drivers and thus, the camera used must 

be supported by the driver. The list of USB cameras supported by the UVC driver is given in the 

website http://www.ideasonboard.org/uvc/. The selection of a camera is done based on: 

a. Image quality and resolution 

b. Well tested with the UVC drivers 

c. Usage and location of the camera   

d. Price of the unit   

e.  Additional features 

The camera must be able to withstand harsh environment at the weather station like 

heavy winds, thunderstorms and extreme temperatures. When using the camera for monitoring 

http://www.ideasonboard.org/uvc/
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purposes, some additional features like night vision and zoom can be helpful in capturing the 

right frame even in dark.  

 

3.2.1 Issues with Some Cameras on the List 

(i) First and second generation Logitech webcams suffer from firmware bug which 
make the camera unstable. 

(ii) Some cameras capture images upside down. Using v4l1 can fix the problem but 
there is no fix if v4l2 is being used. 

(iii) Some cameras can cause video corruption or do not work if connected to a USB 
1.1 controller. These have to be connected to a USB 2.0 controller. 

(iv) For some cameras, resolutions below 640x480 might only work at the full 30fps 
frame rate. 

(v) Some cameras claim to have a true 1.3MP or 2MP CMOS sensor, but the highest 
resolution reported by the UVC descriptors is 640x480. 

(vi) Some cameras severely underexpose images under low-light conditions when 
using any frame rate other than the default, probably because auto-exposure is 
only enabled at the default or maximum frame rate. 

(vii) Some cameras do not respond to the UVC control requests. 

Considering the above selection criteria and the issues, a USB web camera manufactured 

by International Manufacturing Corporation [11] is selected in this work. It is a high definition 

PC video camera that has an attached microphone. It comes with 6 LED lights with an on/off 

control knob on the cable. It has a manual focus, high precision glass element lens and auto 

exposal control that delivers a smooth video. 

 
Figure 3.1: IMC ZB029 Webcam (Device ID- 1c4f:3000) 
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This camera is used for testing purposes since it is well tested and is very inexpensive. It 

can be replaced with a better one from the list any time. The specifications of the camera are 

given in Table 3.1 

Table 3.1: Specifications of iMC ZB029 

Feature Specification 
Interface USB 2.0 

Image Sensor CMOS 
Max. Image Resolution 8.0 MP 

Effective Pixels 2.0 MP 
Video Capture Resolution 1600 x 1200 

Frame Rate 30 fps 
Operating Systems Supported Win 7/ XP SP2/ Vista/ Linux 6.0 

 

3.3 ALIX Single Board Computer 

As mentioned earlier, the processing unit used in this work is a single-board computer. 

SBC is a computer built on one single circuit board having microprocessor, memory, I/O ports 

etc. They are designed for embedded applications and are typically slower than a PC. The design 

of the SBC is also simpler when compared to a personal computer and most of them do not have 

slots for additional accessories. An SBC may be built using almost any microprocessor.  

ALIX series is a type of SBC built by PC Engines [12] as a high performance 

replacement of their WRAP series of system boards. The ALIX boards are small system boards 

optimized for wireless routing and network security applications. 

PC Engines manufactures many models of ALIX with several different features. Some of 

them even have a VGA port to attach a monitor and some have an extra USB or Ethernet port. 

The different models of ALIX manufactured by PC engines are listed in Table 3.2. 
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Table 3.2: ALIX boards manufactured by PC engines 

Model CPU DRAM LAN miniPCI USB Bios Size 
ALIX 1D LX800 256 MB 1 1 2 Award miniITX 
ALIX 2D0 LX700 128 MB 2 2 0 tinyBIOS 6x6” 
ALIX 2D1 LX700 128 MB 3 1 0 tinyBIOS 6x6” 
ALIX 2D2 LX800 256 MB 2 2 2 tinyBIOS 6x6” 
ALIX 2D3 LX800 256 MB 3 1 2 tinyBIOS 6x6” 
ALIX 2D13 LX800 256 MB 3 1 2 tinyBIOS 6x6” 
ALIX 3D1 LX700 128 MB 1 2 0 tinyBIOS 100x160mm 
ALIX 3D2 LX800 256 MB 1 2 2 tinyBIOS 100x160mm 
ALIX 3D3 LX800 256 MB 1 2 2 Award 100x160mm 
ALIX 6F2 LX800 256 MB 2 1 2 tinyBIOS 6x6” 

 

The model used in this project is ALIX 2D2. The 2D2 model has two mini PCI slots, two 

USB and two ethernet ports. The mini PCI cards are not used in this work but they can be helpful 

for future research to enable Wi-Fi, Bluetooth, etc.   

 

 

 

 

 

 

 
Figure 3.2: ALIX 2D2 

 

ALIX is a highly powerful, efficient, small and is capable of running high end operating 

systems like Ubuntu Linux and Windows XP. It also comes at an affordable price. Some features 

of ALIX that makes it better over the other SBCs are: 

• Low power: The average power consumed by the Geode LX processor on ALIX while 

running at 500MHz is just over 1.8 Watts. This value drops down to just 0.9W while idle. The 
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AMD CS5536 uses just 2.4 Watts. This brings the total power required by the board to 4.2 – 5W. 

This is quite low when compared to other existing boards like WRAP. There is almost no heat 

produced by the CPU hence it does not require a heat sink.  

• Performance:  When used for IP routing, ALIX can forward up to 85Mbit/s in one 

direction, or almost 60Mbit/s both directions. Applications which require large amounts of high 

quality random data will work well on the ALIX, because the Geode LX CPU contains a 

hardware random number generator. Typical desktop machines don’t have any sort of random 

number generator, causing the Linux to use other system noise for random entropy; a true 

random generator is hundreds of times faster and the one in the Geode can output up to 4MB/s of 

random data made available through the /dev/random block device. 

• Low cost: The price of any SBC completely depends upon its performance. Considering 

the application requirements, a high end processor with very high performance is not required. 

ALIX fall under the medium level SBCs which come at an affordable price. The price of the 

ALIX board is just around $120 excluding the accessories. 

Some important features of the ALIX2D2 board are listed in the Table below: 

Table 3.3: Features of ALIX 2D2 

Feature Specification 
CPU 500 MHz AMD Geode LX800 
DRAM 256 MB DDR DRAM 
STORAGE CompactFlash socket, 44 pin IDE header 
POWER DC jack or passive POE, min. 7V to max. 20V 
EXPANSION 2 mini PCI slots, LPC bus 
CONNECTIVITY 2 Ethernet channels (Via VT6105M 10/100) 
INPUT/OUTPUT DB9 serial port, dual USB port 
BOARD SIZE 6 x 6" (152.4 x 152.4 mm) - same as WRAP.1E 
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ALIX does not have any internal storage capacity. It has a compact flash socket to mount 

a CF card which will act as a storage device. Hence allowing the user to install or build 

applications. 

 

3.4 Compact Flash Card 

Compact Flash is an electronic storage device used for storing digital media [13]. It is 

commonly used in portable electronic devices like cameras, video recorders etc. For storage, 

Compact Flash uses flash memory in a standardized enclosure. There are two types of CF cards, 

Type I and Type II. The only difference between the two types is their size. Type I is smaller 

(43mm x 36mm x 3.3mm) than the Type II (43mm x 36mm x 5mm). The CF card comes in 

several memory sizes starting from 2 MB to 128 GB. 

 

Figure 3.3: CF card (iCF4000) 

Considering the application and operating system requirements, a 2GB card iCF4000 

manufactured by innoDisk.inc is used in this work. The iCF4000 is very reliable with a high 

transfer rate and in system programming architecture. It Series supports 

PIO/MwDMA/UltraDMA modes with IDE interface and enhances the data rate up to 

Read/Write: 40MB/20MB per second, which speeds up the booting process and upgrades the 
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working environment efficiently. Some specifications of the iCF4000 are shown in the Table 

below: 

Table 3.4: Specifications of CF card 

Feature Specification 
Capacity 128MB~32GB 

IDE Transfer Mode 
PIO mode 0-4Mw 
DMA mode 0-2 

Ultra DMA mode 0-4 
Interface 50 pin Compact Flash 

Data Transfer Rate Read – 20MB/sec (MAX) 
Write – 10MB/sec (MAX) 

Operation Temperature 0 C – +70 C 
Storage Temperature -55C - +95C 

Vibration 20G (7 – 2000 Hz) 
Shock 1500G/0.5ms 

DC Input Voltage +3.3V/+5V 
Power Consumption 150mA (max.) 

Dimension 36.4 x 42.8 x 3.3mm (WxLxH) 
SMART Function Support 

Write Protect Support (Optional) 
 

The price of the CF card is higher than other types of memory cards like SD and mini 

SD. To minimize the cost of the system, a 2GB card is used which is adequate for installing the 

operating system, additional packages and applications.  

 

3.5  Voyage Linux 

The performance of ALIX is almost identical to the beginning models of Pentium 3. 

Thus, ALIX can support a number of operating systems like Linux or FreeBSD and also 

commercial operating systems like windows XP. The operating systems supported by the ALIX 

board are listed in Table 3.5. 
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Table 3.5: Operating systems supported by ALIX 

Operating System Distribution 

FREEBSD 
 

FreeBSD 
FreeNAS 
Monowall 
pfSense 
STYX 

LINUX 
 

AstLinux 
CentOS 

gOS 3 Gadgets 
fli4l 

IPCop 
IPFire 

LEAF Linux 
Meshlium 
OpenWRT 

Ubuntu Linux 
Voyage Linux 

Xubuntu Linux 
Zeroshell 

NetBSD NetBSD 

OpenBSD 
 

OpenBSD 
Flashdist OpenBSD installer 
Flashrd OpenBSD installer 

COMMERCIAL 
 

DD-WRT 
Ikarus OS 

Microsoft Windows XP 
Home (ALIX.1D / 

ALIX.3D3) 
Microsoft Windows XP 

Embedded 
Mikrotik RoutersOS  

Siam Embedded StarOS  
Vyatta 

 

Among the operating systems supported by ALIX, Linux is the most reliable, highly 

tested, flexible and easy to work on. Voyage Linux is a debian distribution that is best run on x86 

embedded platforms like ALIX or WRAP [14]. The installation only requires 128MB of disk 

space. Voyage Linux is so small that it is best suitable for running a full-feature firewall, wireless 

access point, Asterisk/VoIP gateway, music player or network storage device.  
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3.5.1  Installing Voyage Linux 

The ALIX does not have a display, keyboard, or mouse connector, nor does it support 

booting from the USB connectors. The operating system has to be installed onto the CF card 

through a card reader. The card reader with CF card in it is connected to a PC and the Installation 

process is done through the Linux terminal. The CF card device can be identified by typing in 

“dmesg” in the terminal; the details of the CF card will be displayed along with the partition on 

which it is mounted. The step by step procedure for the installation of operating system is given 

below: 

1. Preparing the CF card: Prior to installation of the Voyage on CF card, the card must be 

formatted and partitioned. The Linux command for partitioning a disk is “fdisk”. 

2. Downloading Voyage: The latest version of Voyage Linux is offered for download on 

the website (http://linux.voyage.hk/). Once the download is finished, an archived file 

named voyage-version.tar.bz2 will be available at the download destination. This file 

can be extracted using the Linux command “tar xjf filename”.  

3. Installing Linux: Once the CF card is formatted and partitioned, it is ready for a new 

Linux file system to be installed onto it. The Linux command to build a new file system 

is “mkfs”. The terminal will ask to select the installation parameters.  

The end of the installation process can be identified by a message that will read 

‘copyfiles.sh script completed’ ensuring the successful installation of Voyage Linux onto the CF 

card. Once the installation is complete the CF card can be removed from the card reader and 

mounted onto the ALIX board.  

http://linux.voyage.hk/
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Figure 3.4: (left): CF card slot on ALIX 2D2 (right): CF card installed on ALIX 2D2 

 

3.6 Getting Started with ALIX 

The ALIX is now ready with Voyage Linux installed onto it. Because of the absence of a 

vga port, an external monitor cannot be connected to it. But the board can be accessed by 

connecting the DB9 port of the ALIX to a PC through NULL Modem cable (RXD / TXD crossed 

over). In the absence of a serial port on the PC, a serial to USB converter by KEYSPAN can be 

used.  

 

Figure 3.5: Keyspan serial to USB converter 
 

A terminal emulator can display the operating system running inside ALIX on the PC. 

Terminal emulator is a program that emulates a video terminal on some other display 

architecture. When working on Windows XP the terminal emulator is Hyper Terminal and when 

working on other operating systems, Putty can be used. Putty is an open source implementation 



22 

of Telnet and SSH for both Windows and UNIX platforms.  

 

Figure 3.6: (a) Hyper Terminal on Windows XP 

 

Figure 3.6: (b) Putty on Ubuntu Linux 
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Once the terminal emulator is opened, a name must be assigned for the new connection 

and the communication port is set to COM1. The remaining port settings must be:  

• Bits per second: 38400  

• Data Bits: 8N1 

• Parity: None 

• Stop Bits: 1 

• Flow control = none or xon-xoff. 

After the port settings are changed the emulator will show a blank screen since the board 

is not yet connected to the power supply. Connect an 18V DC power supply to the DC jack. The 

Power supply should be able to supply at least 12W of power. After the board is powered on, all 

three LEDs will light during BIOS POST, and then the system will try to boot, and turn off two 

of the LEDs. The emulator will then display BIOS startup messages, memory size and CF disk 

geometry. 

 

Figure 3.7: Voyage ready to boot 

Figure 3.7 shows the terminal message about the voyage ready to boot on ALIX board. 
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After the booting process is complete voyage will ask for login details. The default login details 

for the Voyage after installation are: 

User name: root 

Password: voyage 

 

Figure 3.8: Voyage after entering the login details 

Voyage is by default in read only format. To make any changes in the operating system, it 

has to be modified to read-write format. This can be done by the ‘remountrw’ command. For 

installing software packages, there is no need to remove the CF card from the ALIX. Packages 

can be installed while the device is running. Downloading and installation of the software 

packages will require an internet connection. The ALIX board can be connected to a wired 

internet connection through the ethernet port by configuring the network interfaces. 

Default network configuration: 

auto eth1 
iface eth1 inet static 
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address 10.1.10.1 
netmask 255.255.255.0 
gateway 10.1.10.255 
 

Network configuration for lab usage: 

auto eth0 
#iface eth0 inet dhcp 
iface eth0 inet static 
address 129.120.106.44 
network 129.120.106.0 
netmask 255.255.254.0 
gateway 129.120.107.250 
dns-nameservers 129.120.210.235 208.67.222.222 208.67.220.220 8.8.8.8 8.8.4.4 

Other device (in this case it’s a Web Server): 

auto eth1 
iface eth1 inet static 
address 192.168.1.11 
network 192.168.1.1 
netmask 255.255.255.0 
gateway 192.168.1.255 

 

Figure 3.9: Eth1 configured for connection with webserver 
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3.6.1 Installation of Required Packages: 

1. After an internet connection is established, the operating system must be updated and 

upgraded. The Linux commands for updating and upgrading are: “apt-get update” and “apt-get 

upgrade”. 

2. The application to capture Images is written in C. To build and compile a C program, 

the ‘build essentials’ package must be installed. The Linux command to install this package is:  

“apt-get install build-essentials” 

3. The final package required for image compression and conversion of the formats. The 

netpbm package is the one that has several programs in it to work on any image format. The 

program used in this work is pnmtojpeg. Installation of netpbm package can be done by: “apt-get 

install netpbm” 

4. This concludes the hardware setup to build applications in Linux environment. The 

programming of the Linux application is done in C platform. The detailed description on 

building the application is given in the following section. 

 

3.7 Application Development 

The working of the application can be divided into three major segments or modules; the 

ALIX, server and the web portal. The server acts as a bridge between ALIX and the web client to 

avoid direct access of the user to the field station. This section deals with the development and 

working of all the three modules. 

  

3.7.1  Module 1 

The crucial task of the primary module is monitoring the area by capturing images with a 
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certain sampling rate. Hence the capturing process has to be periodical and autonomous. This 

requires a processing unit that is capable to read the image data from a camera and write it onto a 

file repeatedly. These images are then transmitted to the server through the ethernet port using 

TCP/IP protocol. This section deals with the development of the first module and the description 

of the software components involved. The simple functioning of this module can be seen in 

Figure 3.10. 

 

Fig 3.10: Flow chart for module 1 

Most Linux distributions support number of programming languages. Building Linux 

applications and operating system programs requires a compiler. The GNU Compiler Collection 

(GCC) is a compiler system produced by the GNU Project supporting various programming 

languages. Being the official compiler of the unfinished GNU operating system, GCC has been 

adopted as the standard compiler by most other modern Unix-like computer operating systems, 

including Linux, the BSD family and Mac OS X. Installation of the GCC package has been 

discussed earlier in section 3.5. The GNU user space is an important part of most Linux-based 

systems, providing the most common implementation of the C library.  

The application in this work is written in C programming language using the VI editor. 

The VI is an editor used to create new files or edit existing files on Linux environment. It aids 
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the users in programming and building applications. It has two modes of operation, insert mode 

and command mode. The insert mode is to insert text into the file and the command mode is used 

for operations like deletion of a word or a sentence, saving the file and exiting from the file.  

 VI can be used to build applications in many programming languages [19] [20]. To 

write a C program [21], a VI file is opened by just using the extensions .c (for C) and .cpp (for 

C++) respectively (ex: “vi filename.c” or “vi filename.cpp”).  

 Communication between the application and the hardware is only possible through a 

device driver. A device driver or software driver is a computer program allowing higher-level 

computer programs to interact with a hardware device. It typically communicates with the device 

through the computer bus to which the hardware connects. A device driver simplifies 

programming by acting as translator between a hardware device and the applications or operating 

systems that use it. Application to read data from the camera needs a USB device driver that is 

good at handling video devices. 

 The USB device class definition for video devices [15] [16], or USB video class, 

defines video streaming functionality on the universal serial bus. Nearly all mass storage devices 

(USB flash disks, external SATA disk enclosures) can be managed by a single driver because 

they conform to the USB mass storage specification; UVC compliant peripherals only need a 

generic driver. The UVC specification covers webcams, digital camcorders, analog video 

converters, analog and digital television tuners, and still-image cameras that support video 

streaming for both video input and output. 

An application programming interface (API) is a set of rules that software programs have 

to follow to communicate with each other. It serves as an interface between different software 

programs and facilitates their interaction. V4L2 is an API that gives access to various video 
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capturing devices like USB cameras, TV tuners, etc. [17] [18]. V4L2 drivers are implemented as 

normal kernel modules that can be loaded by an administrator, or loaded automatically when 

opening a device file. V4L2 provides the following interfaces: 

1. Video capture interface (/dev/video) 

2. Video overlay interface (/dev/video) 

3. Video output interface (/dev/video) 

4. Video output interface (/dev/video) 

5. Codec interface (/dev/video) 

6. Effect devices interface (/dev/video) 

7. Raw vertical blancking interval (VBI) interface (/dev/vbi)  

8. Sliced VBI data interface (/dev/vbi) 

9. Teletext interface (/dev/vtx) 

10. Radio interface (/dev/radio) 

11. Radio data system (RDS) interface (/dev/radio) 

In Fig 3.11 the chart shows the interaction between a user application and a V4L2: 

 

Figure 3.11: Interaction between user application and V4L2 

The connection of the camera can be checked in the devices directory of the operating 

system. The camera will be shown as ‘video0’ in the ‘dev’ directory. The V4L2 API is used to 

Application

/Dev/Videox

V4L2
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read the data from the video0 port in a raw format with specified height, width of the image. The 

functions and structures available in V4L2 can be utilized by including a header file (#include 

<linux/videodev.h>).  

The format in which the image has to be captured must be specified using the structure 

‘v4l2_format’. There are certain video formats supported by the API like YUYV, JPEG, UYVY, 

GREY etc. The YUYV format is the one that is used but it gives out a grey level image which 

has to be converted into a color image using some transformation techniques.  

The flow chart of the process involve in capturing an image using the V4L2 API is shown 

in Fig 3.12. The video device ‘/dev/video0’ can be opened or closed like a normal file using the 

functions ‘fopen()’ and ‘fclose()’. The API comes into picture while initializing the device, 

setting an image format, reading the frame and saving the frame. 

 

Figure 3.12: Flow chart of the process of image capture. 

Once the image is taken, it is stored into the local memory of the ALIX board. The 

dimensions of the image captured are 640x480(W x L) and the size of each image is about 

900KB. This image is sent to the server over a TCP/IP communication channel. A socket is 

created and a communication link is set up between the two points using an ethernet cable and a 

network switch. Once the communication link is up, the image file is read in binary format and 

each pixel is written onto the socket. At the server end, the data is read from the socket and 

written onto a file.  
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To reduce the communication load while transferring the images to the server, the image 

is compressed into a well-known jpeg format. The ‘netpbm’ package offers several programs for 

image format conversions. Here the image is converted into a jpeg format using the program 

pnmtojpeg. After the compression, the image size reduces to less than 50KB which is around 5% 

of the original size. Hence reducing the storage capacity required and the communication load. 

 

3.7.2  Module 2 

The transmitted image data is received at the server pixel-by-pixel which is written onto a 

file. This image received is given a name and stored into the MySQL database [22]. The 

functionality of this module is shown in Fig 3.13 

 LAMP (Linux, Apache, MySQL and PHP) is a web application software package used on 

Linux operating systems. The package includes all the necessary software required to build a 

dynamic web application. This module requires a building of a MySQL database. MySQL is an 

open source database management system providing access to any number of databases. Being 

the world’s most popular open source database, it is presently being used in number of frequently 

visited web sites on the internet like Google, Facebook, YouTube, Wikipedia etc.  

 
Figure 3.13: Working of the module 



32 

In this work, MySQL is used to build a database of images coming from the ALIX board. 

A table is created that stores the image along with the date and time it was received. Each image 

in the table is also given a unique code which can be later used to retrieve the image from the 

database. Capturing images at a low sampling rate will result in huge amount of image data that 

has to be stored at the server. MySQL is works well with storing images and any number of 

them.  

 

Figure 3.14: MySQL database with images stored in a Table. 

The images received at the server are stored into a MySQL database along with the time 

and date they were captured. This is done by establishing a connection between the server side 

program and the MySQL database by using the functions like mysql_real_connect( ) and 
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mysql_real_query( ). The MySQL API will provide these functions and can be accessed by using 

the header files mysql.h and my_global.h.  

 

Figure 3.15: MySQL API in C 

A unique id is assigned to every image while inserting them into the database. This will 

identify the image while querying a specific image from the database table to the web 

application. 

 

3.7.3  Module 3 

To make the image data stored in the database publicly available, a dynamic web 

application is created for users to access both current and historical data. Finally, a web 

application is built to make the image data available for public access. The web application 

includes a provision for the users to enter the time and dates the image was captured and view 

the corresponding image.  

A web page in this work is built by using the predominant markup language HTML and 

PHP [23]. PHP is a scripting language used to build dynamic web pages which is not possible by 
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HTML. PHP is a widely used scripting language as it can be used by combining with HTML and 

the source code is also not visible at the user end. It can be used on almost every operating 

system and platform for free. 

Using PHP, the image data from the database can be queried as per user requirements. 

And these web pages are made available at the user end with the help of a web server. Apache is 

an open source HTTP server built for operating systems like UNIX and Windows. Its 

functionality is to deliver content that can be accessed on request of the clients. The content 

delivered is an html page related to the website along with other additional content like images, 

graphics, tables etc.  

 The web application has three major web pages. First page shows the latest image 

available in the database along with the time and date the image was captured. The second page 

gives control to the users to view historical image data by specifying the time and date it was 

captured. This page will also show a time-lapse video of a certain time period which again is 

specified by the user. 

 
Figure 3.16: Webpage to display the (a) current image 
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Figure 3.16: Webpage to display the (b) historic images 

The final page is for entering into the internal website, where the user can change the 

sampling rate at which the images are captured and also take instant images. This part of the web 

application is secured and requires login details to enter inside.  

 

Figure 3.17: Webpage for the logging into internal website 
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Figure 3.18: User Commands page to change sampling rate and take an instant image 

3.8  Conclusion 

The development of the field station was based on designing a low cost image acquisition 

system for monitoring environmental images. There are several image acquisition systems that 

claim to be cost effective but they end up costing more than $250 for installation and about $100 

for transmitting data to the server (GPRS modem). In this work, we have developed a 

multimedia monitoring that costs around $150 and the existing Wi-Fi communication link is used 

which is free of cost.  
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CHAPTER 4 

DESIGN AND IMPLEMENTATION OF INTERCOMMUNICATION PROTOCOLS 

4.1  Introduction 

Remote monitoring of the system status is extremely useful for debugging and 

maintenance of the system. Some important variables like sampling rate, modes of operation can 

be altered remotely without the need to personally visit the field station. This will require an 

implementation of communication protocol between the user and the ALIX (Field Station). The 

other implementation of communication protocol between ALIX and the server is a TCP/IP 

server client model with ALIX acting as the server. Both the implementations are discussed in 

detail in this chapter.  

The weather stations at Greenbelt and Discovery Park use different modes of 

communication. A high data rate and low cost Wi-Fi communication is set up at the Discovery 

Park. Whereas the weather station at Greenbelt uses a GPRS modem. The GPRS technology 

provides low data rates and is expensive. The Wi-Fi communication uses a directional antenna 

called nano-station which can establish wireless connection to another nano-station at EESAT 

which is 4.74kms away from the Discovery Park weather station. [2] 

 

Figure 4.1: Nano-station  
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The nano-station acts as a point-to-point router for Wi-Fi communication. The 

communication is established using the TCP/IP server client protocol. For testing purposes, a 

network switch is used in this work and it can be replaced by the Nano-station at the time of 

deployment. 

 

4.2  Communication between ALIX and Server 

The multimedia environmental monitoring system has two implementations of 

communication protocols. The first implementation is transmitting the captured image to the 

server. The flow chart of this implementation is given in Fig 4.2. 

 

Figure 4.2: Implementation of communication between ALIX and the Server 

C library for socket communication has functions for creating socket, listening for a 

connection, accepting a connection etc. After establishing a connection, the image file is opened 

in binary format and each pixel is written onto the socket and every pixel is read from the same 
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socket at the server end. This process continues till the end of image file is reached. 

 

4.3  Communication between ALIX and Web Application 

The second implementation of communication is between web-client and the ALIX. 

ALIX is in sleep mode for most of the time and hence direct communication with the web-client 

is not practical. Server acts as a bridge between the both ends to store the commands and send 

them to the field station when the ALIX wakes up. If more than one command is sent by the user, 

only the latest one will be forwarded to ALIX. The pictorial description of this implementation is 

shown in Fig 4.3  

 

Figure 4.3: Implementation of communication between ALIX and Web Application 

The same server-client protocol is implemented between the web server and the database 

server. The user commands from the web client are passed to the server where they are stored 
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while ALIX is in the sleep mode. The latest user command entered is passed to the ALIX when it 

wakes up, dropping all the previous commands. The web interface for passing the user 

commands is shown in Fig 4.4 

 

Figure 4.4: web interface to change the image acquisition parameters 

4.4  Conclusion 

A robust communication is established between the three modules and the server acts as a 

bridge between ALIX and the web application. This is done to avoid direct access of the users to 

ALIX board at the field station. Since the communication protocol is compatible with the Wi-Fi 

nano-station, high data rates are achievable which is very crucial while transmitting larger files. 
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CHAPTER 5 

EXPERIMENTAL STUDIES AND RESULTS 

5.1  Introduction 

The data collected is a group of images that are accessible by the public through the web 

client. This data is characterized by the date and time they were captured. In the first experiment, 

the road traffic was monitored for two days and in the later experiment the indoor activity was 

observed. The activity recognition in the second experiment presented satisfying results and was 

able to identify an activity. But unsatisfactory results were obtained in the case of monitoring 

outdoor activity, because of constant change in the image intensity levels. 

 

5.2  Image Quality 

The system was tested in different scenarios like monitoring traffic and indoors. Good 

quality images were captured in all the scenarios. Figure 5.1 and 5.2 shows the images from two 

different scenarios of experimentation. 

    

Figure 5.1: Images captured in an outdoor scenario 
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Figure 5.2: Images captured in an indoor scenario 

5.3  Communication Load 

The size of the raw image initially captured is around 900 KB which is compressed to the 

jpeg format to reduce the storage requirements and the communication load. The size of the 

compressed image is between 40-70 KB which is just about 5-7% of the original size. Fig 5.3 

indicates the communication load caused for one day by both the image formats for different 

sampling rates. 

 

Figure 5.3: Communication Load 
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A significant reduction in the communication load is seen by compressing the raw image 

into JPEG. Compression of the raw format not only reduces the communication load but will 

also make the image compatible with all the web browsers.  

 

5.4  Threshold Levels 

The activity recognition algorithm is tested for all the scenarios and satisfying results are 

obtained in case of indoor monitoring. Experimental results of the algorithm are shown in Table 

5.1. 

Table 5.1: Percentage change between two images with and without activity in an indoor 
situation 

 
Testing the 

Algorithm Indoors 
Percentage Change in pixel values obtained for consecutive 

images taken 
Test With almost no Activity (%) With significant activity (%) 

Test 1 4.5091 86.0641 
Test 2 3.2396 92.4922 
Test 3 10.3350 70.7577 
Test 4 4.2500 77.0062 
Test 5 6.0368 48.4220 

With no activity, the average percentage change in pixel values was found to be 5.66%. 

But with significant activity, the average percentage change is 74.60%. The highest percentage 

difference obtained when there is no activity is around 13%. Hence the threshold level to identify 

an activity in this case can be set to a value between 20% - 40%. For outdoor monitoring, erratic 

results were obtained because of the ever changing intensity levels. 

Furthermore, the historic data can be accessed through the web client where the user has 

to provide date and time to view the image. For a longer period of time, the images can be 

viewed in the form of a time-lapse video.  
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CHAPTER 6 

SUMMARY AND CONCLUSION 

 A low-cost real-time autonomous multimedia monitoring system is developed to support 

the environmental analysts and researchers with visual information. This work is an expansion of 

the existing environmental monitoring system at Greenbelt (GBC-WS) and Discovery Park (DP-

WS). The image data is also publicly available along with other environmental specifics like 

temperature, soil moisture etc. for interested researchers who can carry out experimental study 

on this data from thousands of miles away from the field station. Also, a secure remote access to 

the field station is implemented through which users can alter the rate of capturing images or the 

mode of image acquisition.  

 The cost for development of the entire system is just around $180 - $200 with no addition 

cost for data transmission (using Wi-Fi). This is quite low when compared to other Image 

acquisition systems [8] which do not offer functionalities like public display of the image or 

remote access. 

Two modes of image acquisition are implemented which can be selected remotely 

through the web client. In both the modes of operation, the storage requirement to save an image 

has been brought down to about 5% of the original by compressing the raw image format to 

JPEG. This process has also reduced the communication load in transmitting the images to the 

server. With the implementation of activity recognition algorithm, the storage requirement for the 

images has been further dropped down significantly since the images are captured only when 

there is an activity.  

 The Images were taken at different scenarios both outdoors and indoors to check the 

threshold levels that can define an activity. The algorithm is very effective in recognizing an 
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indoor activity but it needs further improvement for good outdoor results. Hence, the objective of 

the thesis to build a robust self-governing multimedia monitoring system has been achieved and 

has also provided a platform for future work in several fields like image and pattern recognition. 
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CHAPTER 7 

FUTURE WORK 

This thesis has a huge potential for further research in several interesting fields such as 

image analysis, pattern recognition, MIMO (multiple input and multiple output) communication 

etc. One of the challenging tasks would be to design an improved activity recognition algorithm 

that can identify an activity in any kind of scenario even in severe conditions. Considering the 

constant activity of tree movement and ever changing intensity levels, this would be a very 

interesting topic for further research. 

 As specified earlier, a multimedia monitoring system must be able to sample both visual 

and acoustic data. Due to time constraints, this thesis only deals with image acquisition and 

analysis. An identical acoustic sampling system can be added to this system which will provide 

the environmental researchers with a very valuable data. The acoustic system can also aid in the 

improved activity recognition as the algorithm will have the support of audio samples in 

identifying an activity. 

 The ALIX SBC requires a constant power supply of 12-18V which is not available at 

field stations like Greenbelt. A 12V battery is present at the GBC that supplies power for an SBC 

and a data-logger. Usage of alternating power sources like solar energy can be studied to replace 

the battery. The power requirement can also be reduced by modifying the system to utilize less 

resource in both sleep and active mode.  

 Future research can also be done in fields like pattern recognition to automatically 

identify a moving animal or a bird and wireless communication to transmit images. 
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