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ABSTRACT: This Memory is an inevitable component of the electronic design. There has been dynamic progression 
in the design of electronic system. The growth in the technology externalizes the need for systems operating at high 
speed. Hence there has been sequential progression in the development of the memory designs form basic structure 
RAM, then to DRAM further SDRAM, the generation of memory devices DDR, DDR2 and lately DDR3 SDRAM. It 
mainly aims the interaction of memory and processor. The video application system requires large bandwidth. Live 
video transfer requires a system operating at very high bandwidth to capture the data from the camera and store it. The 
project is implemented with Xilinx ML605 Virtex-6 hardware platform. The reconfigurable attribute of FPGA is 
advantageous. The controller design features an economic memory design. This proposed design involves designing the 
memory controller for DDR3 SDRAM with IP and designed The DDR3 is 3rd generation DDR memory. It has 8n pre-
fetch. It is implemented with shared DIMM namely SODIMM referred as (Small Outline Dual Inline Memory Module) 
and the size smaller than DIMM. memory controller. The results can be are verified with simulation tool and real time 
display of the stored data. 
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I. INTRODUCTION 
 

There is a dynamic change in the processor technology operating at a very high speed. The evolution in memory 
devices paved the way for devices operating at high bandwidth, low power. This advance has led to the usage of 
memory device in various multi-media applications such as Live-video transfer, Home-security, Home-Automation.     
 

Live video transfer requires a system operating at very high bandwidth to capture the data from the camera 
and store it on to a platform, and at the back end involves the display of the intermediate result. FPGA provides a 
reconfigurable platform for the processing of data. It is more advantages because its design time is less. The need and 
increase in high performance system, led to advance in two dimensional memory of SDRAM as DDR (Double data 
rate), DDR2, DDR3. 

 
Fig 1: DDR3 DRAM cell array and I/O buffer. 

 
II. LITERATURE SURVEY 

 
Sanjay Singh, Anil Saini and Ravi Saini have published a paper with title “Interfacing the analog camera with FPGA 
board for real time video acquisition”. The paper mainly aims in connecting of the camera module with Xilinx ML510 
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(Virtex-5 FXT) FPGA as development board for video output. The paper projects capture of the image/ video from 
camera with real time constraints. The system can perform real time analysis monitor and manage the real time data. 
[4]. 

The paper has helped us in understanding how video processing is implemented with block level detail and 
accessing MPMC with efficiency. 
 
Yanolu, Qlanlon Zhang and An Tang presented a paper with title “FPGA implementation of video transmission system 
video transmission based on long term Evolution”. The development platform is Xilinx virtex-6 FPGA ML605. The 
design utilizes little hardware resources and transmits video data in bi-direction format perfectly. The designed based 
band link in ISE and programmed protocol stack in SDK. [5]. 
 
Lamjed Touil, Lilia Kechiche, Bouravri Ouni have presented a paper with title “Generic SOPC platform for video 
interface system MPMC controller”. The paper describes image and video processing using reconfigurable FPGA. 
Xilinx Virtex-5 development board is used. MPMC is an efficient technique for interfacing micro-blaze and key rapid 
devices to SDRAM. It used 8 port DDR SDRAM transmits data. It is used in real time video application and performs 
various functions such as cut video detection video zoom in and out. [3]. 

The paper helps to brief about how to process image and video data. 
Sabhana Aqueel and Kavita Khare have published a paper with title “Design and implementation of DDR3 SDRAM 
controller for high performance”. Increase in device performance presents difficulty to handle memory devices. The 
paper mainly aims in DDR3 memory controller. The controller is split into two sections as initialization and secondly 
into command FSM. Initialization includes power up etc operations, command FSM operations, Read, write and 
refresh. This paper mainly describes the overall DDR3 SDRAM architecture. [1]. 
 

II. PROPOSED DESIGN FPGA BLOCK DIAGRAM 
 

 
Fig 2: Block diagram for the real time data acquisition system. 

 
The proposed design is implemented for real time video data acquisition system. The required interconnection with the 
system is established. The web camera captures, image and then send the data over UART. The frame of data is then 
transferred over UART communication protocol. The data is received by FPGA. The controller organizes the data 
storage efficiently. The bank0 is dedicated for the storage of the data in DDR3 SDRAM. 
 
A.Web Camera: 

 
Fig 3: Block diagram for capturing data through webcam. 

 
The web-camera can be used to capture the video data. The web cam is plugged with USB cable or installed into 
computer hardware such as laptops etc. The resolution range is wide for different such as medium or high end web 
cam. 

In order to design the system with web-camera Matlab serves as an attractive approach. The data from the 
web-camera is been sent to the Matlab with appropriate settings for image acquisition. The data from the Mat-lab is 
sent through UART receiver after required settings for UART transmission and the data is received at the DDR3 
SDRAM.  
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B.UART protocol: 
 UART is a serial communication protocol. UART converts the parallel data into serial format at the transmitter end 
and the serial received data into parallel format at the receiver end for the processing of data by host processor.  

 
Fig 4: UART transmitter and receiver module. 

 
In UART sender and the receiver don’t share same common clock. To avoid ambiguity sender and receiver are 
synchronized on a transfer-rate called baud rate.  

 
Fig 5: UART data frame format. 

 
C. Memory controller design for DDR3 SDRAM with available: 
The user design presents entire memory interface from the user end to the peripheral DDR3 SDRAM. User interface 
block is interfaced to the external DDR3 SDRAM. User interface is a measure to connect user design to memory 
controller. Memory controller is divided into two sections namely as first with front end of the memory controller, that 
involves providing a connection from native interface to UI.ead and write request by the user design are conceded by 
the native interface and also provides transfer of data from the user to external memory. The back end memory 
controller is employed by the interface at the physical end. The physical layer provides the necessary signals, timing 
comprising the clock, address, control logic, write, read and initialization of the memory devices. The physical layer 
does the power-up, Initialization of the memory and consecutive write leveling, write calibration, read phase detector 
calibration only after the reset function is disabled. 
 

 
Fig 6: Memory Interface solution of Virtex-6 FPGA 
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D. Designed DDR3 SDRAM controller: 

 
Fig 7: Internal block diagram of the Memory controller design. 

 
The signal ddr_ad_dr is of width 13 bits with width [12:0]. This involves the setting of the various parameters. Every 
position indicates some feature as described by MR0 (mode register) of the DDR3 SDRAM. The signal dq provides the 
data either to be read or written depending on operation. The dqs indicated the data strobe and it is bi-directional pin 
when the system is performing the write operation the controller issues the dqs command and vice versa in read 
command. The design involves initialization and followed by either read or write operation. 

 
E. FSM for UART communication protocol: 

 
Fig 8: FSM for UART protocol. 

 
Firstly Start bit is generated, the data line( tx_reg) goes low when clock line is high then followed by sending the data 
bit frame with LSB data first and parity bit is generated if required and stop bit to stop the sequence and reload the 
transmitter if sending multiple bytes of data. Stop bit indicates the end of the sequence which is followed by pulling the 
data line (tx_reg) high when clock line is high. 

The transfer is imitated by setting some parameters: 
1. Baud rate. 
2. Data frame format (5, 8 etc). 
3. Parity option used and specify the type of parity either even or odd. 

 
F. FSM for DDR3 memory: 
The controller design for the DDR3 SDRAM with IP and Designed memory controller involves the same transition 
steps as described above in the finite state machine diagram. 
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Fig 9: FSM for DDR3 memory. 

 
The memory controller design flow can be described as follows: 

1. The DDR3 SDRAM memory is initialized with initialization signals prior to any communication to 
enable the information regarding the status of the signal. 

2. After initialization, pre-charge initialization is issued to check and ensure that no row or entire bank 
is being used. 

3. The pre-charge operations returns the bank to the idle state, the refresh is then enforced to perform 
the desired action. 

4. Another refresh command as a backup option to avoid failure. 
5. The mode register mr0 is defined at this stage.  
6. The operations performed till now are part of the initialization sequences. 
7. The design at the idle state is activate for the desired operation either in terms of read or write. 
8. If write then the address where the data to be written or stored is been issued previously. Then the 

state machine gets terminated by returning to the idle state. 
9. If read operation is to be performed the desired data is read and after the action the process terminates 

by returning to idle state. 
10. If any further action is to be performed then the, repeat pre-charge following refresh and the 

operation. 
 

III. RESULTS and DISCUSSION 
 
The RTL schematic allows, to view schematic of the designed net-list i.e, inputs and outputs signals of the system. 
Figure 10, describes the RTL schematic of the memory controller design with IP. Figure 11, describes the RTL 
schematic designed memory controller. 
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Fig 10: RTL schematic of with IP design. 

 

 
Fig 11: RTL schematic of designed controller. 

 
The technology schematic describes the design in terms of LUT, I/O buffers. Figure 12, describes the technology 
schematic designed memory controller. 
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Fig 12: Technology schematic of designed controller. 

 
Figure 13, depicts the simulation result for the write operation for the designed system the change in state transition, 
starting from the initialization, bank selection, address and the desired write operation. 
 

 
Fig 13: Simulation result of designed memory controller for write operation. 

 
IV. CONCLUSION 

 
This proposed system essentially features the design of the memory controller and implementation of the 

camera sensor for real time video with Xillinx ML-605(Virtex-6) FPGA. The camera captures the video data. The 
system is outlined to work at a frequency of 200MHZ. UART solely acts as the communication via between the camera 
module and the FPGA. The controller is employed with Xilinx ISE 14.6. The prototype developed can then be applied 
to numerous applications. The results are verified using real time display (VGA), ISM simulator. The project overviews 
the usage of ML605 and projects the efficiency of DDR3 SDRAM memory controller. 
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