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CHAPTERI
INTRODUCTION

Television is designed to be perceived by biological components which may
differ from person to person. However, the biological peculiarities of the human eye are
much more exploited in television than in audio systems. Initíally most of the video
equipments were designed and developed for analog video transmission and reception.
The human eye retains an image for a fraction of a second after it views the image. This
property (called persistence of vision) is essential to most of all visual display
technologies. The basic idea is quite simple, single still frames are presented at a high
enough rate so thatpersistence ofvision integrates these stillframes into motion. Motion
pictures originally set the frame rate at 16 frames per second. This was found to be
unacceptable and the frame rate was increased to 24 frames per second. Because of the
differences in the power line frequency of the European and American continent, two
standards evolved for television system. In Europe, the refresh rate was changed to 25
frames per second, as the European power line frequency was 50 Hz and came to be
known as the Phase Altemating Line (PAL) television standard. In the American subcontinent, the refresh rate was set to 30 frames per second, as the power line frequency
was 60 Hz and came to be known as the National Television Standard Committee
(NTSC) television standard. Initíal video contained only black and white images. Then
attempts were made to transmit color video using analog RGB. However this had a
serious setback that it occupied three times the bandwidth occupied by the black and
white picture information. Altemate methods were developed that led to using the YIQ or
the YUV data to represent the color information. The Y contains the 'luminance' or the
brightness informatíon of the image and the 'I, Q' / 'U, V' components contains the
'chrominance' or the color informatíon present in the image. This system used the same
bandwidth as used by the black and white system.
Digital video signals have become available to consumers and are rapidly taking
over most of the video applications. The most common digital signals used are RGB and

YCbCr. RGB is simply the digitízed version of the analog RGB video signals. YCbCr is
basically the digitized version of the analog YUV.
A composite video signal is one that contains a single signal to represent YUV,
YIQ or YCbCr. A YUV signal is encoded by combining the signals while transmittíng
and is decoded back to the original signal while receiving. NTSC, PAL and SECAM are
some of the encoding and decoding standards of video signals used even today. Encoder
and decoder thus form a major part of any video system.
Video Data Acquisition and remote Reproduction (VIDAR) system is a platform
that is developed for capturing standard and non-standard video signals and transferring it
through a network for remote reproduction. Applications that require the capture of video
signals and tiansmit them to a different geographic location for its use create a need for a
system that can not only capture video signals but also transfer them at a faster rate. The
requirement of both capturing / reproducing signals with the capability to transmit the
signal calls for a system that is designed with both these needs in mind. The design for
such a system can be grouped into circuitry that captures, reproduces, transmits and
receives non-standard video signals. [1]

1.1

Problem Definition

The digital video signal to be transmitted is first converted using an Encoder,
where the Y and C (chroma and luminance information) of the picture information is
converted (or combined) into a single video signal called the "composite video signal".
At the receiver the composite video signal is then converted back into the 'Y' and 'C'
information using the decoder. The video signals in the system sometimes get corrupted
during the encoding and decoding process. Analyzing such video signals can help
companies to evaluate their components and improve them too. But the problem in
analyzing this non-standard or cormpt signal is that the occurrence of these signals is
sporadic and to a certain extent depends on the video signal. Duplicating such signals in
laboratories is very difficult. Also with non-standard video signals being used by
different countries, it becomes difficult to create and replicate such non-standard video

signals. This thesis discusses one possible solution to capture non-standard video signals
when they occur so that they can be analyzed.

1.2

Proposed Solutíon

A system that can capture the non-standard video signal at the location where they
occur, store that information in the form of a file in a system so that it can be transferred
to the location where the data can be read back and replayed for analyzing the corrupt
information needs to be developed. VIDAR is one such system. The VIDAR system must
perform the following basic ftmctions to address the above problem stated
•

Capture the cormpt video information

•

Store the digitized information on a PC

•

Transfer the file (Through e-mail for remote data analysis)

•

Replay the recaptured information

Such a system in use is shown in the Figure 1.1 Block Diagram [1]
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video
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Figure 1.1 Block Diagram [1]
1.3

Overview of the Svstem

The video signal that needs to be analyzed is fed through the VIDAR system and
converted to digital data and stored in the memory present on the VIDAR. Once the data
that needs to be analyzed is stored in the system, the data is then transferred to a PC using
the USB interface present on the system. The need for the buffer (memory) is due to the
fact that the rate at which the video signal is acquired by the system is far more than the
rate at which the data is transferred to the Universal Serial Bus (USB). Once the data is
acquired by the PC, it is sent to the remote location where the analysis of this data is
done. This digitized data is fed back to the VIDAR system, and it recreates the original
video information for analysis.

1.4

System Description

To implement the VIDAR system to meet the following functionalities, the
foUowing components are required
•

Analog to Digital Converter (ADC) to convert the video data into digital data

•

Video Decoder for converting non-standard video data into digital data

•

Buffer (Memory) to temporarily hold the data that is acquired by the system

•

Digital to Analog Converter (DAC) to convert the digital data back into
analog domain

•

Video Encoder for encoding the digitized non-standard video data

•

Interface to a computer

•

Contiol circuit to control the various data transfers

Synchronous Dynamic RAM (SDRAM) is used as the buffer. The size of the
buffer depends on the time of video information that is needed to be stored and
reproduced. The system designed here can store up to 20 sec of video data. The interface
to the computer should be fast, platform independent and require less effort towards
setting up the communication link. One of the choices for such an interface is the USB.
Designing such an interface requires both designing the hardware interface to the VIDAR
system and installing the required drivers on the host.
To control and co-ordinate the ftinctions of various units such as ADC, DAC,
SDRAM and the Computer Interface, a controUing circuit needs to be designed. This is
done by a combinatíon of software and hardware implementation. The software control is
done through a microcontroller. Here in the present design MSP430F149 is used. The
hardware control is by having a field programmable gate array (FPGA) that interacts with
the various devices present on the system to achieve the system fimctionality.

1.5

Project Objective

This project involves software and hardware design and implementation. The
software implementation is done on a microcontroller MSP430. The hardware circuitty is
implemented on a FPGA.

The software usually is the interface between the user and the system. The user
uses switches to communicate with the system. The software triggers the system to do the
appropriate ftmctions. The software is required to Enable/Disable the appropriate
components. The software is implemented in a microcontroUer. The microcontroller
issues tiie control signals to the system. Thus the software implemented on the
microcontioller has two important ftmctions, to generate the control signals to the system
board and to enable and disable the various components in the system. This project
implements the software required to enable and disable the various components on the
board.
The various ftmctionalities have to be controlled and coordinated. This is done
with the help of a hardware circuit implemented in the FPGA. The FPGA must have the
following blocks to achieve the desired ftmctionality
•

Input/Output interface to communicate with the various devices interfaced
toit

•

USB contioller to control the transfer of data to/from the USB

•

SDRAM

contioUer

to

generate

the

necessary

commands

for

reading/writing data to the SDRAM memory
This project implements the USB controller for interfacing the FPGA to the USB
device and some input/output interfaces for interfacing with the other components.

1.6

Chapter Overview

Chapter 2 gives a detailed description of the whole system. It discusses in length
the background and origin of the project. It then explains the objective of this project. It
also gives a brief description of the various components that are involved in this project.
Chapter 3 discusses in detail the software and the hardware implementation
involved in this project. It explains in detail the logic involved in the algorithm of the
software used and also the logic involved in the design of the hardware circuit.
Chapter 4 discusses the results that were successfuUy obtained in the project.
Chapter 5 concludes the project. It explains in brief the other parts of the system and the

progress of the other parts. It also discusses the various alterations that could improve the
project and the system as a whole.

CHAPTER II
SYSTEM DESIGN

The system designed must be a stand-alone portable system, capable of storing 20
seconds of video data sampled at the rate of 27 MHz. It should be able to operate in a
stand-alone mode as a video capture and replay system and be able to interface to a
computer for possible analysis. The interface to the computer should allow connection to
almost any computer using a standard peripheral interface.
The USB port is one of the fastest ports that are generally found in almost all
computers. Even thought the USB has good data transfer rates as high as 6 Mega samples
per second, it is still not as fast as the rate at which the video is sampled (27 Mega
samples per second). Thus a temporary storage is needed for buffering the data between
the video and the USB interface. In the present design SDRAM is used as a buffer for the
storage of video information. The incoming video data, which is analog in nature, needs
to be digitized before storing in the buffer memory. For this case, the incoming analog
video signal is passes through an ADC so that it is digitízed. Similarly, to replay the
digitized data, a DAC is needed at the output. Sometimes, the video data is in a
compressed digital form or in the case of non-standard video formats, in which case, an
encoder and decoder are necessary.
In summary, the system requirements are
•

Should be a stand alone and portable system

•

Should capture live non-standard video signals at 27MHz or 13.5MHz
sampling frequency

•

Buffer capable of storing 20 seconds of video data

•

Capability to accept a variety of video formats

•

Transfer the Data from the system to a PC

•

Play back the digitízed video from PC

•

Play a signal from the buffer

To co-ordinate the various operations to be done by the system, some kind of
contiol and synchronization is needed. In the system designed, both software and
hardware confrol are employed. The software control acts as the interface between the
user and the system. It makes the system easy to use. A microcontroller is used to provide
the software interface.
The hardware control provides for the basic operation of the system.

The

hardware contiol is designed and implemented in a FPGA. The ftinction of the hardware
contiol is to make sure tiiat all modes of data transfer are operational. The different
modes of data tiansfer possible through the hardware control are
•

Data tiansfer from ADC/Decoder to the buffer memory

•

Data transfer from buffer memory to PC via the USB

•

Data tiansfer from the buffer memory to DAC/Encoder

•

Data transfer from PC to buffer memory via USB

The block diagram of the VIDAR system with all the components is shown in Figure 2.1
System Overview [1]
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2.1

Component Descríption

The block diagram of the system to be designed is shown in Figure 2.1. The
components present in the system can be broadly classified into
•

Control elements comprising of the microcontroller and the FPGA

•

Buffer (memory) - SDRAM of size 512 MB

•

Input and Output Interfacing elements comprising of the ADC, DAC,
Decoder, Encoder and the USB

The rest of the present chapter deals with the details and ftmctionalities of the
contiol elements, namely the MSP430 and the FPGA. ft is then followed by a detailed
description of the USB Interface and a brief explanation of all the other I/O interfacing
elements.

2.2

Microcontroller - MSP430F149

MSP430 is an ultra-low-power, 16-bit RISC mixed-signal processor, which offers
solutions to many mixed signal and digital applications. It has a flexible clock system and
is based on Von-Neumann architecture with common memory address bus (MAB) and
memory data bus (MDB). For this VIDAR application, an MSP430F149 is used. Key
features of the device are:
•

Ultra low-Power architecture
o

Low supply voltage range (1.8V - 3.6V)

o

0.1 |aA - RAM retention (off mode)

o

0.8|xA - real time clock mode

o

1.6 |i A - stand by mode

o

250)xA/MIPS active

•

16-bit RISC CPU enables new applications at a fraction of the code size

•

Only 27 core instructions and seven addressing modes

•

Extensive vector interrupt capability

•

Five Power-Saving Modes

•

Wake-Up From Standby Mode in less than 6 ^is

10

•

125-ns Instruction CycleTime

•

12-Bit A/D Converter With Intemal Reference, Sample-and-Hold and Auto-scan
Feature

•

Timers
o

Watchdog (WDT): Control system restarts after software problem

o

16-Bit TimerB With Seven Caphire/Compare-With-Shadow Registers

o

16-Bit TimerA With Three Capture/Compare Registers

•

On-Chip Comparator

•

Serial Onboard Programming

•

Flexible Clock system
o

Low-frequency auxiliary clock (ACLK) - Ultra-low power stand-by
mode, driven directly from a 32-kHz watch crystal.

o

High-speed master clock (MCLK) - High speed processing. An integrated
digitally contioUed digitally controUed osciUator (DCO) can source the
CPU and the peripherals.

•

Emulation logic on the device and can be accessed via JTAG.
o

Debug with ftill-speed execution, breakpoints, and single-steps in an
application are supported.

•

Address Space consists of
o

60KB + 256B Flash memory, in-system Programmable Flash allows
flexible code changes, field upgrades and data logging

o
•

2KB RAM

6 Digital I/O Ports with 8 pins in each port, for Input and output and each pin can
read and write into
o

Port 1 and Port 2 have intermpt capability

The block diagram of the MSP-430 series is shown in Figure 2.2 and the memory map
for the device is given in Figure 2.3. [2]
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2.3

Field Programmable Gate Arrav - Xilinx Spartan II E Seríes (XC2S1Q0E)
The Spartan - IIE 1.8V FPGA gives user high performance, abundant logic

resoiu-ces and a large feature set. Features include:
2,700 logic cells with up to 100,000 system gates
Stieamlined features based on Virtex-E architecture
Unlimited in-system re-programmability
38,400 distiibuted RAM Bits
40K block RAM Bits
Fast interfaces to extemal RAM
600 Configurable Logic Blocks - CLB (20x30)
Fully 3.3V PCI compliant to 64 bits at 66 MHz and Card Bus compliant
Low-power segmented routing architecture
Dedicated carry logic for high-speed arithmetic
Abundant registers/Iatches with enable, set, reset
Four dedicated DLLs for advanced clock control

•

o

Eliminate clock distribution delay

o

Multiply, divide, or phase shift

lEEE 1149.1 compatible boundary scan logic
The Spartan-IIE FPGAs have a regular, flexible, programmable architecture of

Configurable Logic Blocks (CLBs), surrounded by a perimeter of programmable
Input/Output Blocks (lOBs) as shown in Figure 2.4. Two columns of block RAM lie on
opposite sides of the die, between the CLBs and the lOB columns. Loading configuration
data into intemal statíc memory cells customizes Spartan-IIE FPGAs. Unlimited
reprogramming cycles are possible with this approach. Stored values in these cells
determine logic fiinctíons and interconnections implemented in the FPGA. Configuratíon
data can be read from an extemal seríal PROM (master serial mode), or written into the
FPGA in slave serial, slave parallel, or Boundary Scan modes.
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The Spartan -IIE user-programmable gate array, shown in Figure 2.4, consists of
five major configurable elements:
•

lOBs provide the interface between the package pins and the intemal logic

•

CLBs provide the ftmctional elements for constmcting most of the logic

•

Dedicated block RAM memories of 4096 bits each

•

Clock DLLs for clock-distribution delay compensation and clock domain control

•

Versatile multi-level intercoimect stmcture
Values stored in static memory cells contiol all the configurable logic elements

and interconnect resources. These values load into the memory cells on power-up, and
can be reloaded if necessary to change the ftinctíon of the device.
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Input/Output Block: The lOB registers ftinction either as edge-triggered D-type flip-flops
or as level sensitíve latches. Each lOB has a clock signal (CLK) shared by the three
registers and independent Clock Enable (CE) signals for each register. For each register,
Set/Reset (SR) signal can be independently confígured as a synchronous Set, a
synchronous Reset, an asynchronous Preset, or an asynchronous Clear. The input and
output buffers and all the lOB control signals have independent priority control.
Input Path: A buffer in the lOB input path routes the input signal directly to intemal logic
and through an optional input flip-flop
Output Path: The output path includes a 3-state output buffer that drives the input signal
onto the pad. The output signal can be routed to the buffer directly from the intemal logic
or through an optional lOB output flip-flop.
Configurable Logic Blocks: The basic building block is the logic cell (LC). An LC
includes a 4-input ftinction generator; carry logic, and storage element. The output from
the fimction generator in each LC drives the CLB output or the D input of the flip-flop.
Each Spartan-IIE CLB contains four LCs, organized in two similar slices. In addition to
LCs, the Spartan-IIE CLB contains logic that combines fiinction generators to provide
fianctions of five or six inputs.
•

Look-up Tables: Spartan-IIE fiinction generators are implemented as 4-input
look-up tables (LUTs). In addition to operating as a ftinction generator, each
LUT can provide a 16xl-bit synchronous RAM. These LUTs can fiirther be
combined to create 16x2-bit or 32x1-bit synchronous RAM or a 16xl-bit
dual-port synchronous RAM. LUT also provide a 16-bit shift register that is
ideal for capturing high speed data

•

Storage Element: Storage elements can be configured either as edge-triggered
D-type flip-flops or as level-sensitíve latches. These can be driven either by
ftmctíon generators or directiy from slice inputs bypassing the fiinction
generators.

ft also comprises of Addition Logic, Arithmetíc Logic and 3-state drívers that can dríve
on-chip busses.
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Block RAM: Several large blocks RAM memoríes are incorporated which complement
the distríbuted RAM LUTs. Block RAM memory blocks are organized in columns.
Programmable Routing: The longest delay path limits the speed of any design. Hence,
routíng architecture and its place-and-route software are defined jointly to minimize longpath delays and yield best performance.
•

Local Routing: This provides three types of connections: (a) Interconnections
among the LUTs, flip-flops and General Routíng Matríx (GRM). (b) Intemal CLB
feedback paths that provide high-speed connections to LUTs within the same
CLB, chaining them together with minimum routing delay.(c) Direct paths that
provide high speed connections between horízontally adjacent CLBs, eliminatíng
thedelayoftheGRM.

•

General Purpose Routing: Most of the signals are routed on the general
purpose routing and hence majority of interconnect resources are associated with
this level of routíng hierarchy.

These are located in horizontal and vertical

routing charmels associated with the rows and columns of CLBs.
•

I/O Routing: These routing resources form an interface between the CLB
array and the lOBs.

•

Dedicated Routing: Dedicated routing resources maximize the performance.

•

Global Routing: These distribute clocks and other signals with very high fanout throughout the device.

Clock Distribution: High-speed low skew clock distribution through the primary global
routing resources is provided. Four global buffers are provided, two at the top center of
the device and two at the bottom center. These drive the four primary global nets that in
tum drive any clock pin.
•

Delay-Locked Loop (DLL): A ftiUy digital DLL is associated with each global
clock input buffer that can eliminate skew between the clock input pad and
intemal clock-input pins throughout the device. Each DLL can drive two global
clock networks. The DLL monitors the input clock and the distributed clock, and
automatically adjusts the clock delay element.
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Development System: The basic methodology for Spartan-IIE design consists of three
interrelated steps: design entry, implementation, and verification. Industry-standard tools
are used for design entiy and simulation, while Xilinx provides proprietary architecturespecifíc tools for implementation. The Xilinx development system is integrated under the
Xilinx Project Navigator software, providing common user interface and verification
tools. Applicatíon programs ranging from schematic capture to placement and routing can
be accessed through the software.
For HDL design entiy, the Xilinx FPGA development system provides interfaces
to several synthesis design environments. A standard interface-fíle

specificatíon,

Electionic Design Interchange Format (EDIF), simplifies file transfers into and out of the
development system. A unified library of standard fiinctions supports Spartan-IIE
FPGAs. This library contains over 400 primitives and macros, ranging from 2-input AND
gates to 16-bit accumulators, and includes arithmetic fiinctions, comparators, counters,
data registers, decoders, encoders, I/O fiinctions, latches, Boolean fiinctions,
multiplexers, shift registers, and barrel shifters.
•

Design Implementation: The place-and-route tools automatícally provide
the implementatíon flow. The partitíon takes the EDIF netiist for the design and
maps the logic into the architectural resources of the FPGA (CLBs and lOBs).
The placer then determines the best locations for these blocks based on their
interconnections and the desired performance. Finally, the router interconnects the
blocks. The algorithms support ftilly automatic implementation of most designs.
The user can exercise various degrees of control over the process. The
implementatíon software incorporates tíming-driven placement and routing.
Designers specify timing requirements along entire paths during design entiy. The
timing path analysis routínes then recognize these user-specified requirements and
accommodate them. Timing requirements are entered in a form directly relating to
the system requirements, such as the targeted clock frequency, or the maximum
allowable delay between two registers. In this way, the overall performance of the
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system along entire signal paths is automatically tailored to user-generated
specificatíons. Specific timing information for individual nets is unnecessary.
•

Design Verification: In addition to conventional software simulatíon,
FPGA users can use in-circuit debugging techniques. Because Xilinx devices are
infinitely reprogrammable, designs can be verified in real time without the need
for extensive sets of software simulation vectors. The development system
supports both software simulation and in-circuit debugging techniques. For
simulation, the system extracts the post-Iayout timing information from the design
database, and back-annotates this information into the netlist for use by the
simulator. Altematively, using the static timing analyzer can do verification of
timing-critical portions of the design. For in-circuit debugging, Xilinx offers a
download and readback cable, which connects the FPGA in the target system to a
PC or workstation. After downloading the design into the FPGA, the designers
can single-step the logic, read back the contents of the flip-flops, and so observe
the intemal logic state. [3]

2.4

USB Interface

The data acquired using the VIDAR is to be transferred to a distant geographic
location.

Intemet being a faster and reliable infrastmcture readily available for data

tiansfer enables a standard solution for data transfer. To use TCP/IP as the means for
transfer requires that data be transferred using a host computer. One of the standards
available to transfer data to and from a computer is Universal Serial Bus (USB). USB 2.0
standard offers a maximum transfer speed of about 8 Mega Byte per second and has also
drivers available in major platforms like Windows, Linux and Unix. Hence we choose
USB as the standard for communicating to a computer and consequently, FT245BM
FIFO is chosen as the device for data transfer. The USB device requires the requisite
drivers to be installed on the host computer for interacting with the FDT245BM device
on the VIDAR board.
The salient features provided of the device are
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Single Chip USB Parallel FIFO bi-directional Data Transfer
Transfer Data rate to IM Byte / Sec - D2XX Drivers
Transfer Data rate to 3,000 Baud - VCP Drívers
Simple to interface to MCU/ PLD / FPGA logic with a 4 wire handshake interface
Entire USB protocol handled on-chip i.e., no USB specific

firmware

programming required
384 Byte FIFO Tx Buffer /128 Byte FIFO Rx Buffer for high data throughput.
New Send Immediate support via SENDI Pin for optimized data throughput.
Support for USB Suspend / Resume through PWREN# and WAKEUP pins.
Support for high power USB Bus powered devices through PWREN# pin
Adjustable RX buffer timeout
In-built support for event characters
Integrated level converter on FIFO and control signals for interfacing to 5v and
3.3v logic
Integrated 3.3v regulator for USB 10
Integrated Power-On-Reset circuit
Integrated 6MHz - 48Mhz clock multiplier PLL
USB Bulk or Isochronous data transfer modes
New Bit-Bang Mode allows the data bus to be used as an 8 bit general purpose 10
Port without the need for MCU or other support logic.
4.4v to 5.25v single supply operation [4]
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The ftinctíonal block diagram of the USB device is shown in Figure 2.5
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Figure 2.5 Functíonal Block Diagram of the USB device [4]
To tiansfer the captured data from the Buffer to the PC or transferríng the data
from the PC to the Buffer, the USB interface is used. The interface to the PC is the USB
standard interface, while the interface to the VIDAR end through the USB device is
parallel data tiansfer using handshaking signal protocol. Of the varíous block shown in
the Figure 2.5, the blocks FIFO controUer, FIFO transmit and receive buffers and the
Seríal Interface Engine (SIE) plays an important part
•

FIFO ControUer: FIFO controller handles the data transfer between FIFO
queue, Transmit buffer and the Receive buffer

•

FIFO Transmit Buffer: Data from the VIDAR system is stored in the Transmit
buffer it is transferred to the host computer. Falling Edge of the WR signal
can be used to read the data wrítten on the buffer to be transferred to the host
computer
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•

FIFO Receive Buffer: Data that was transmitted from the host computer is
stored in the receive buffer before it is transferred to the VIDAR system. Data
stored in the receive buffer can be read by strobing the RD signal

•

Seríal Interface Engine (SIE): The Serial Interface Engine (SIE) block
performs the Parallel to Serial and Serial to Parallel conversion of the USB
data. In accordance to the USB 1.1 specification, it performs bit stuffing /
unstuffing and CRC5 / CRC16 generation / checking on the USB data stream.
[4]
2.5

Buffer memorv (SDRAM)

The memory block to be used in this project is a 512 MB Synchronous Dynamic
Random

Access Memory (SDRAM). The part number for the memory is

MT16LSDF6464 (L) H that is a product of MICRON. Some of the important feaftires are
detailed below.
144 pin, small-outiine, Dual in memory module (SODIMM)
Utílizes 100 and 133 MHz SDRAM Components
512 MB (64 Meg x 64) (x 8 SDRAM)
FuIIy synchronous, all signals registered at positive edge of system clock
Intemal pipelined operation; column address can be changed every clock cycle
Intemal SDRAM banks for hiding row access/precharge
Programmable burst lengths: 1,2,4,8 or ftill page
Auto Precharge and Auto Refresh Modes
Self Refresh Mode: Standard and Low Power, 64 ms 8,192 cycle refresh (7.81 us
refresh interval)
•

Serial Presence-Detect (SPD)
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General Description
The MT16LSDF6464 (L) H is high-speed CMOS, dynamic random-access
256MB and 512MB un-buffered memory module, organized in x64 configuratíons. The
functíonal block diagram is shown in Figure 2.6.
These modules use intemally configured quad bank SDRAMs with a
synchronous interface (all signals are registered on the positive edge of the clock signal
CK). The four banks of an x8, 128 Mb devices (for the 256MB modules) are each
configured as 4,096 bit rows, by 1,024 bit-columns, by 8 input/output bits.
The four banks of a x8, 256Mb device (for the 512MB modules) are configured as
8,192 bit-rows by 1,024 bit columns, by 8 input/output bits. Read and write accesses to
the SDRAM modules are burst oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed sequence. Accesses begin with
the registration of an ACTIVE command, which is then foUowed by a READ or WRITE
command. The address bits registered coincident with the ACTIVE command are used to
select the device bank and row to be accessed (BAO, BAl select the device bank, AO-Al 1
[256MB], or A0-A12 [512MB] select the device row). The address bits A0-A9 (for both
256MB and 512MB modules) registered coincident with the READ or WRITE coramand
are used to select the starting device colimm locatíon for the burst access.
These modules provide for programmable READ or WRITE burst lengths of 1, 2,
4, or 8 locatíons, or the fiill page, with a burst terminate option. An auto Precharge
functíon may be enabled to provide a self-tímed row precharge that is initiated at the end
of the burst sequence.
These modules use an intemal pipelined architecture to achieve high-speed
operatíon. This architecture is compatible with the 2n mle of prefetch architectures, but it
also allows the column address to be changed on every clock cycle to achieve a highspeed, ftilly random access. Precharging one device bank while accessing one of the other
three device banks will hide the precharge cycles and provide seamless, high-speed,
random-access operation.

22

These modules are designed to operate in 3.3V, low power memory systems. An
auto refresh mode is provided, along with a power-saving, power-down mode. All inputs
and outputs are LVTTL-compatible.
These modules incorporate serial presence-detect (SPD). The SPD ftmction is
implemented using a 2,048-bit EEPROM. This nonvolatile storage device contains 256
bytes. The first 128 bytes are programmed by Micron to identífy the module type,
SDRAM characteristics and module timing parameters. The remaining 128 bytes of
storage are available for use by the customer. System READ/WRITE operations between
the master (system logic) and the slave EEPROM device (DIMM) occur via a standard
IIC bus using the DIMM's SCL (clock) and SDA (data) signals, together with SA (2:0),
which provide eight unique DIMM/EEPROM addresses. [5]
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Figure 2.6 SDRAM Functional block diagram [5]
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Initialization
SDRAMs must be powered up and initialized in a predefined manner. Operational
procedures other than those specifíed may result in undefíned operations. Once power is
applied to VDD and VDDQ (simultaneously) and the clock is stable (stable clock is
defíned as a signal cycling within fíming constraints specifíed for the clock pin), the
SDRAM requires a 100|as delay prior to issuing any command other than a COMMAND
INHIBIT or NOP. Starting at some point during this 100)is period and continuing at least
through the end of this period, COMMAND INHIBIT or NOP commands should be
applied.
Once the lOO^s delay has been satísfíed with at least one COMMAND INHIBIT
or NOP command having been applied, a PRECHARGE command should be applied. AIl
device banks must then be precharged, thereby placing the device in the all banks idle
state. Once in the idle state, two AUTO REFRESH cycles must be performed. After the
AUTO REFRESH cycles are complete, the SDRAM is ready for mode register
programming. Because the mode registers wiU power up in an unknown state, it should
be loaded prior to applying any operational command. [5]

2.6

Encoder

The Analog Devices ADV7194 is an integrated digital video encoder that
converts digital CCIR-601 4:2:2 component video data (8, 10, 16, 20 bit) into a standard
analog base band television signal compatible with NTSC, PAL B/D/G/H/I, PAL M,
PAL N, and PAL-60. In addition to the composite output signal, there is the facility to
output S-VHS Y/C video, RGB video and YUV video. The Y/C, RGB and YUV format
is simultaneously available at the analog outputs with the composite video signal. Figure
2.7 shows the fimctional block diagram of the encoder. The ADV7194 incorporates
programmable

gamma

correctíon,

programmable

digital

noise

reductíon

and

4xOversampIing with an intemal PLL to output data at 54MHz. Furthermore it is possible
to input data in progressive scan format (3 by lObit YPrPb) video control functions have
been improved in increasing scale factors for the color and contrast controls and the
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brightíiess control. An average brightness detection control has been added as well as a
field cotmter. Also, chrominance and luminance can now individually be delayed if
required.
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Figure 2.7 Functional bock diagram [6]
AU intemal clocks are generated on-chip. The ADV7194 modes are set up over a
serial bi-directional I^C port. Additionally, the ADV7194 allows a sub-carrier phase lock
with an extemal video source and has a color bar generator on-board. The ADV7194 is
designed with programmable luminance and chrominance filters for better video
performance. The luminance filter has a special mode called SSAFTM, which gives
extended bandwidth and has a very sharp roll-off. The Analog Devices ADV7194 is
designed with four-color controls (hue, contrast, brightness and satíiration). The
ADV7194 also has a separate teletext input port. The ADV7194 has an advanced power
management system whereby the sleep current is as low as 0.1 |xA and stiU allows I C
access during this sleep mode of operation. [6]
2.6.1

I^CInterface

T2/
The ADV7194 supports a 2-wire serial (I^C
-compatible) microprocessor bus

driving multiple peripherals. Two inputs Serial Data (SDA) and Serial Clock (SCL) carry
information between any devices connected to the bus. Each slave device is recognized
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by a unique address. The ADV7194 has four possible slave addresses for both read and
write operations. These are unique addresses for each device and are illustrated in Figure
2.8. The LSB sets either a read or write operation. Logic Level 1 corresponds to a read
operation whiie Logic Level 0 corresponds to a write operation. Setting the ALSB pin of
the ADV7194 to Logic Level 0 or Logic Level 1 sets Al. When ALSB is set to 0, there is
greater input bandwidth on the I'C lines, which allows high-speed data transfers on this
bus. When ALSB is set to I, there is reduced input bandwidth on the I^C lines, which
means that pulses of less than 50 ns will not pass into the l'C intemal controller. This
mode is recommended for noisy systems. [6]
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CONTROL
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CONTROL
Vi'RITE
READ

Figure 2.8 Slave address setup

2.6.2

Register Access

The MPU can write to or read from all of the registers of the ADV7194 except the
Sub address Registers, which are writíng only registers. The Sub address Register
determines which register the next read or write operation accesses. All communicatíons
with the part through the bus start with an access to the Sub address Register. Then a
read/write operation is performed from/to the target address which then increments to the
next address until a stop command on the bus are performed. [6]

2.7

TVP - 5146 Video Decoder

The TVP5146 device is a high quality; single-chip digital video decoder that
digitizes and decodes all popular baseband analog video formats into digital component
video. The TVP5146 decoder supports the analog-to-digital (A/D) conversion of
component RGB and YPbPr signals, as well as the A/D conversion and decoding of
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NTSC, PAL, and SECAM composite and S-video into component YCbCr. This decoder
includes four 10-bit 30-MSPS A/D converters (ADCs). Prior to each ADC, each analog
charmel contains an analog circuit, which clamps the input to a reference voltage and
applies a programmable gain and offset. A total of 10 video input terminals can be
configured to a combinatíon of RGB, YPbPr, CVBS, or S-video video inputs. The block
diagram of the TVP-5146 decoder is shown in Figure 2.9. [7]

CVBS,'

CVBS/
Y.'G

CVBS/

cvBs.y

VI 4

HTfTHlTf^H
T - < M 2 t c ^ û Q : ^ î ' ' 0
-i-JS
-is
sJuo

íOisao
a Q o uí

U: <
O

Figure 2.9 Functíonal Block Diagram of TVP - 5146 [7]
I^C Interface
Communicatíon with the TVP5146 decoder is via an I^C host interface. The I^C
standard consists of two signals, the serial input/output data (SDA) line and the serial
input clock line (SCL), which carry information between the devices connected to the
bus. A third signal (I^CA) is used for slave address selection. Although an I^C system can
be multí-mastered, the TVP5146 decoder fiinctions as a slave device only. As the SDA
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and SCL are kept open-drain at a logic high output level or when the bus is not driven,
the user must connect SDA and SCL to a positíve supply voltage via a pull-up resistor on
the board. The slave addresses select signal, terminal 37 (I^C), enables the use of two
TVP5146 decoders tíed to the same I^C bus since it controls the least significant bit of the
I"C device address.
Table 2.1 Terminal Descriptíon [7]
SIGNAL

TYPE

DESCRIPTION

\-ZA

i

-5l3ve address elec or

SCL

1

i r p j cloa^ lir*

3DA

i..'0

Irpjt'ojtaut daia ine

The TVP5146 decoder can respond to two possible chip addresses. The address
selectíon is made at reset by an extemally supplied level on the I^CA terminal. The
TVP5146 decoder samples the level of terminal 37 at power up or at the trailing edge of
RESETB and configures the I^C bus address bit AO. The I^C A terminal has an intemal
pull down resistor to puU the terminal low to set a zero. [7]
Table 2.2 I^C Address Selectíon [7]
A6

A5

A4

A3

A2

M

AO (l-^CAí

R/W

HEX

1

0

1

D ic<í.f3jltj

1'3

Bd.'B'â

G

!
'

3

1

•
•

D

1*

1'D

B8.BÂ

1

t îf taminãsl 37 is strappad x D'i/DD v,3 a ^..^-kiî resistor, -C dsvice aodress .AC is seîto 1.

2.8

Analog-to-Digital Converter (ADC) - ADS5421

The ADS5421 is a high dynamic range, 14-bit, 40MHz pipelined ADC. It consists
of foUowing features
•

High-bandwidth amplifier that gives excellent performance up to and beyond the
Nyquist rate

•

•

High Dynamic Range:
o

HighSFDR:83dBatlOMHz

o

High SNR: 75dB at lOMHz

Track and Hold:
o

Differential Inputs
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o

Selectable Full-Scale Input Range

•

Low Power: 850mW

•

Flexible Clocking:

•

o

Differential or Single-Ended

o

Accepts Sine or Square Wave Clocking Down to 0.5Vp-p

o

Variable Threshold Level

Sampling can be done at the maximum rate of 40M samples/s

The block diagram of ADS5421 is shown in Figure 2.10 [8]
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Figure 2.10 ADS5421 Architecttire [8]

2.9

Digital-to-Analog Converter (DAC) - DAC904

The DAC904 is a high-speed, 14-bit resolutíon Digital-to-Analog Converter
(DAC). It can also take 8, 10 and 12-bit digital input. Its other features include:
•

Single +5V or +3V Supply

•

High Dynamic Range: 20MHz Output at lOOM samples/s: 64dBc

•

LOW GLITCH: 3pV-s

•

LOW POWER: 170mW at +5V
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The block diagram of DAC904 is shown in Figure 2.11. [9]
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Figure 2.11 DAC904 Architectíire [9]
Thus the various components have been described in this chapter. The detailed
description of each of the components helps in the design of the hardware circuitry.
Chapter 3 includes the design flow of the hardware control (FPGA) and the software
control (MSP430). A detailed explanatíon of the design flow in the system and the design
of various modules in the system are given.
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CHAPTER III
DETAILED DESIGN FLOW

This chapter gives a detailed description of the design. The VIDAR system has
two contí-ol elements in it, the software control element and the hardware control. The
software part involves programming the microcontroller MSP430 and the hardware
design flow involves programming the FPGA. A part of the software and hardware has
been implemented and is described in this thesis. This chapter gives a description of the
part of overall design developed for this thesis. It then explains in detail the design and
fianctíonalitíes of each module that has been implemented. First the hardware design flow
is discussed; a brief explanatíon of the whole hardware design is given which is foUowed
by a detailed explanation of the parts implemented in this project. After the hardware
design flow the software design is discussed. Texas Instmments designed the circuit
layout for the board.

3.1

FPGA Design Flow

The control logic for the VIDAR is implemented on a Xilinx - Spartan IIE FPGA.
There are four modes of data transfer possible in the system. The FPGA (hardware
circuitry) must make sure that all these modes of data transfer are possible. The mode of
data transfer is based on commands fi-om the MSP-430 processor. The four possible data
transfer modes are
•

Read the digitízed video data from the ADC/Dec and store it in the SDRAM

•

Transfer the data from the SDRAM to the PC through the USB interface

•

Read the data from the PC through the USB interface to the SDRAM

•

Transfer the data from the SDRAM to DAC/Encoder for replaying

To achieve these above functionalitíes, the FPGA has a number of functional
modules developed for each specific function. The fimctional block diagram of the FPGA
is shown in Figure 3.1
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Figure 3.1 Functional Block Diagram of the FPGA
From the fimctional block diagram we observe that the various modules designed are
•

Input Formatter Block: This block interfaces the FPGA with the input
components. This block reads in the digital data from the ADC/Dec and packets it
into blocks of 16 - bit wide data and transfers it to the Input Buffer present in the
SDRAM controUer block. Also the system caters to formatting the data. The ADC
used is 14-bit wide. The hiput formatter block based on the command from the
user selects the number of data bits needed for each video signal. The different
formats available are 8, 10, 12 and 14 - bit wide data. Thus if the user issues the
command to the FPGA to capture data that is 8 - bits, the Input formatter block
captures the Most Significant 8 - bits of the video data from the ADC/Dec and
pads the remaining bits with zeros. The reason for providing these different
formats even though the data from the ADC is 14 - bit wide and from the Dec is
10 - bit wide is to check the resolution of the system for different format lengths
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of the video data. After formatting the data the input formatter block tíansfers the
data to the SDRAM controller block.
•

SDRAM Controller Block: This block is the interface between the FPGA and the
memory. This takes in the data from the Input Formatter Block/ USB interface
during the write operation of the SDRAM, and transfers the data into the SDRAM
memory. Otherwise it reads the data from the SDRAM memory and sends it to
the output formatter for either the DAC/Encoder or the USB interface. This block
generates the necessary control signals needed to read and write data to the
SDRAM.

•

USB Confroller Block: The USB controller block interfaces the USB device to the
FPGA for data fransfer between the USB and the SDRAM. During the Recording
mode, the USB confroller transfers the data that is stored in the SDRAM to the
USB device which then transfers the data to the PC where the data is stored in the
form of a file. In the playback or replay mode, the USB ConfroUer, reads back the
data from the USB device and transfers it to the SDRAM so that the SDRAM can
send the data to the DAC/Enc to be replayed back.

•

Output Formatter: The Output Formatter comes into play during the playback or
replay mode. The Output formatter block interfaces the DAC and the Encoder to
the FPGA and is responsible for the data transfer from the SDRAM to the
DAC/Encoder.

•

Output Buffer: The SDRAM controUer transfers the data to the Output Buffer
from which the Output formatter reads the data and transfers it to the DAC/Enc or
the USB interface.

•

Control Logic Block: the control logic block is used to initiate the various
operations to be performed by the system. The control logic block interacts with
the microcontroller and based on the commands from the microcontroller,
initiates one of the four modes of data transfer.

All of the above modules are integrated to achieve the fiinctionality of the system. During
the recording mode, the modules that take part are shown in the Figure 3.2
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Figure 3.2 Recording Mode
On receipt of the command from the user though the microcontroUer, the Control
logic block initiates the various modules and sends signals to initiate the operation. The
input formatter reads in the data from the data lines, and transfers it to the SDRAM
controller, which packets them into words of 64-bit lengths and fransfers the data to the
SDRAM. Once the data is stored in the SDRAM, the user initíates the transfer of data to
the PC. Once again the Control logic block generates the signals and the SDAM
confroller reads the data from the SDRAM memory and fransfers it to the USB control
interface block, which transfers the data to the PC through the USB device.
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Figure 3.3 Playback Mode
The playback mode is indicated in the Figure 3.3. On receipt of the command
from the user, the control logic initiates the USB controUer to start reading the data from
the USB device and fransfers the data to the SDRAM controUer. The SDRAM controller
fransfers the data to the SDRAM memory. On receipt of the command from the user, the
SDRAM controller reads the data from the SDRAM device and transfers the data to the
Output formatter which then drives the data to the DAC/Enc.
The various fianctíonalitíes that the FPGA has to perform are divided into a
number of blocks as shown in the Figure 3.1, with each block performing a specifíc task.
The advantage of breaking up the system into smaller modules reduces the tíme for debugging and fixing errors. This thesis concentrates on the foUowing blocks
•

Control Logic Block

•

Output Formatter Block

•

USB Interface Controller Block
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The Control Logic Block, Output Formatter Block and the USB Interface
Confroller Block were designed and coded in VHDL [I0][ll][12][13]. The USB
Interface Controller block is one of the major blocks of the FPGA hardware. The USB
interface is used for storing the data in the PC during the recording mode, so that when
tíae file is fransmitted to the remote location, the USB interface once again reads back the
data and replays the video to recreate the cormpt video information for analysis. The
USB Interface confroller, control logic, output formatter blocks and also the top level
module are explained in detail. The designs of the other blocks are also explained in brief
for the completeness of the design.

3.2

Control Logic Block

C^oníro! lincs
irow MSP 430

Start_Stop A

^
Cfrl_Frm_MSP [3:0]

Reset
Clkin

CONTROL
LOGIC
BLOCK

USB[1:0]
SD [2:0]
=

>

To the Input
fomialtcr, IJSB
y Inlcrfacc. SDR.A.M
controiler, Outpiit
fonnattcr

Format [2:0]

Figure 3.4 Control Logic Block Diagram

3.2.1

Working Principle

The control logic block acts as an interface between the microprocessor and the
various blocks on the FPGA. The user provides the commands to the microprocessor to
do specifíc fiinctions through switches. Based on the inputs from the user, the
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microprocessor generates the necessary commands to the FPGA. The control logic block
checks for these inputs at every rising edge of the clock. Whenever there is a change in
any of the inputs coming from the microprocessor, the FPGA generates the necessary
commands to all the blocks on the FPGA.
The confrol logic block decodes the 4-bit input from the MSP and sends
appropriate signals to the Input formatter, USB interface, SDRAM controller and output
formatter blocks. The confrol logic block initiates the various operations to be performed
by the FPGA based on commands from the MSP-430. This is directiy interfaced to the
MSP-430 confrol signals and it generates the control signals necessary for each module in
tíie FPGA.
The commands from the MSP-430 are issued at the clock rate of 8 Mhz. However
all the intemal circuifry in the FPGA mns at a clock rate of 27 MHz. As a result of this
difference in timing, there may be timing issues and the probability of the control logic
block going to metastable state is very high. This occurs due to the fact that the signals
from the MSP-430 are not synchronous with the clock at with the control logic block is
triggered. Thus to avoid this metastability state occurring in the control logic block, all
the inputs from the MSP-430 that come to the control logic block are dual synchronized
with respect to the 27Mhz clock at which the control logic block and all the other blocks
operate. The advantage of using dual-synchronization greatly reduces the probability of
metastability.

3.2.2

Interface Signals

The various signals that are input to the control logic block and the outputs of the
confrol logic block are
•

Clkin - 27/13.5 MHz - (Input): This is the reference clock on which all
operations take place inside the FPGA. The frequency of operation is
specified by the MSP-430

38

Reset - (Input): This is used to reset and initialize all the registers present on
the FPGA. This is generated by the MSP-430 based on the command from the
user.
CtrlFrmMSP

[3:0] - (Input): These are the 4 input bits from the MSP-430

to the confrol logic block. These control bits specify the mode of operation to
the FPGA. The different combinations and their corresponding modes are
shown in Table 3.1.
Table 3.1 Commands to FPGA
Source and Destination

CfrlFrm

Ctri Frm

Ctri Frm

Ctri Fmi

_MSP[3]

MSP[2]

MSP[1]

MSP[0]

0

0

0

0

0

0

0

1

0

1

0

Clear
Stop
ADC-SDRAM (8 bit format)

0

ADC-SDRAM (10 bit format)

0

0

1

1

ADC-SDRAM (12 bit format)

0

1

0

0

ADC-SDRAM (14 bit format)

0

1

0

1

DEC-SDRAM

0

1

1

0

USB-SDRAM

0

1

1

1

SDRAM-DAC/ENC

1

0

0

0

SDRAM-USB

1

0

0

1

Start_stop - (Output) - This bit initiates a start to the output formatter
depending on the control inputs from the MSP 430.
Format [2:0] - (Output) - This is an input to the Input formatter block. The
control logic block sends 3 bit signals to the Input formatter depending on the
input from MSP 430. Based on the Format [3:0], the input formatter block
selects the corresponding bits of data from the 14-bit input data bus and
packets them into blocks of 16-bit data and fransfers the data to the SDRAM
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controller. The 3 bits correspond to the different commands shown in the
Table3.2
Table 3.2 Signals to Input formatter
Format Type

Format[2]

Stop

0

0

0

8 - bit format

1

0

0

10-bitformat

1

0

1

12 - bit format

1

1

0

14-bit format

1

1

1

Format[ 1 ] Fonnat[0]

SD [2:0] - (Output) - This is an input to the SDRAM Controller. The control
logic block sends 3 bit signals to the SDRAM ControUer depending on the
input from MSP-430. The 3 bits from the control logic instmcts the SDRAM
confroller about the source and destination for transfer of the data. The 3 bits
correspond to the different commands shown in Table 3.3
Table 3.3 Signal to SDRAM controller
Format Type

SD[2]

SD[1]

SD[0]

Stop

0

0

0

I/P DataFormatter

1

0

0

I/P_Data_USB

1

0

1

0/P_Data_Formatter

1

1

0

0/P_Data_USB

1

1

1

I/P_SDRAM_Formatter

0

0

1

USB [1:0] - (Output) - Based on control signals from the MSP-430; the
control logic block instructs the USB interface to transfers data either to the
SDRAM or reads data from the SDRAM to be transferred to the USB device.
The 2 bits that correspond to the different commands are shown in

•

Table 3.4
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Table 3.4 Signals to USB interface
Commands

USB[1]

USB[0]

Stop

0

0

Clear

0

1

Write SDRAM data to USB

1

0

Write USB data to SDRAM

1

1

3.3

Output Formatter Block

Data_Out [63:0]
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and
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Buffer
Interface
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andDAC

Addr_Frm_
Out_Formatter[l:0]

OUTPUT
FORMATTER

Data DAC_Enc [13:0]

Latc h To Formatter ^

From Control
Logic

Start_Stop

Figure 3.5 Output Formatter Block

3.3.1

Working Principle

The Output fonnatter block interfaces the DAC and Encoder devices to the FPGA
on one side. On the other end, the Output Fonnatter interfaces to the SDRAM controUer
and the Output Buffer from where the output formatter picks up the data to be fransferted
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to tiie DAC/Encoder. The Output Formatter block is used for replaying the data that is
captured from tíie ADC and transferred to the USB. The data read back from the USB is
replayed by sending the data to the DAC/Enc, the device to be driven is selected by the
MSP-430. The Output Formatter block continuously drives the data to the DAC/Enc
every clock pulse. The 14-bit data is transferred from the Output Buffer to the selected
device.

3.3.2

Interface Signals

The various input output signals of the Output Formatter Block are explained in
detail
Addr_Frm_Out_Formatter [1:0] - (Output): This specifies the address of the
Output buffer where the data is to be read. This is being driven by the output
formatter. The Output Buffer is a temporary buffer of size 4 * 64, into which
the SDRAM confroUer keeps writing the data to be output to the DAC/Enc
devices. To access this 4*64 temporary memory an address bus 2 bit wide is
needed.
DataOut [63:0] - (Input): The data from the Output buffer is transferred to
the Output formatter over this bus.
LatchToFormatter

- (Input): This indicates to the Output formatter that the

SDRAM controller has placed data on the Output buffer to be transferred to
the Encoder/DAC. The SDRAM controller block asserts this signal once it has
transferred 2 * 64 bit data to the Output Buffer. On receipt of this signal the
Output Formatter block starts reading contínuously from the Output Buffer.
Data_DAC_Enc [13:0] - (Output): The output formatter transfers the data
read from the Output buffer onto this bus. This is a common 14-bit data bus
that drives the DAC and Encoder devices. The device needed to drive the
output is however selected by the MSp-430, thereby ensuring that only one of
the devices drives the load to replay the video image.
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•

StartStop - (Input) - This initiates the Output formatter to start or stop the
fransfer of data to the DataDACEnc bus. On receipt of this signal, the
Output formatter block tri-states its output lines to ensure that low power is
dissipated.

Apart from these signal the Reset and Clkin signals also come to this module. The reset
signal is used to initialize all the signals to a default state and all the transitions take place
with respect to Clkin signal.

3.4

USB Interface

MIÆ

From USB [15:0]

KD#

USB J
Inteiface^

•-

USB
Interface

WR
TXE#
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Interface
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J

Data_Out [63:0]
KXF#
Addr_Frm_USB[l:0]

From Control
Logic

Output
Buffer

TJSB[1:0]

Figure 3.6 USB Interface Block

3.4.1

Working Principle

The USB Interface provides for an interface between the USB controller and the
FPGA. Based on commands from the confrol logic, during a READ operation, the USB
interface reads the data from the USB controUer and transfers the data to the SDRAM
controller Input Buffer block from where the data is transferred to the SDRAM memory.
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During a WRITE operation, the USB interface, reads the data from the output buffer and
fransfers the data to the USB.
The USB is interfaced to the FPGA through the 8-bit data bus and its associated
4- confrol signals namely RD#, WR, TXE# and RXF#. The data transfer operation
between the USB device and the USB Interface controller is though handshaking or
strobing of some control signals between the USB device and the FPGA.
During the recording mode, once the required data is available in the SDRAM
memory, the user issues a command to transfer the data to the PC through the USB. On
receipt of this command from the MSP-430, the USB interface controller checks the
status of the TXE# line. If this line is low, it indicates that the Transmitter buffer in the
USB device is empty and the user can transfer the data to the PC by strobing the WR
signal. If on the other hand, the TXE# line is high, it indicates to the USB controller that
the USB device fransmitter buffer is full or is busy storing previous data. Under such
conditions, the USB interface controller waits for the TXE# line to go low to transfer the
data.
During the replay or playback mode, the data is to be transferred from the USB to
the SDRAM memory. On receipt of the command from the Control logic block to read
the data from the USB device and transfer the data to the SDRAM memory, the USB
interface controUer checks the statíis of the RXF# line. If the RXF# line goes LOW, it
indicates to the FPGA that there is data available in the receiver FIFO block and the USB
interface controller reads the data by strobing the RD# signal.
The data from the SDRAM memory to be transferred to the USB is in blocks of
4*64 bit data, i.e. the SDRAM controller reads out 4 * 64 bit data from the SDRAM
memory and fransfers the data to the Output Buffer. The USB interface controller reads
the data from the output buffer and fransfers the data to the PC. Once it has finishes
transferring the 4*64 bit data, handshaking signals are used to indicate to the SDRAM
controller to read in the next 4 * 64 bit data to be fransferred to the PC.
Similariy, when data is to be read back from the PC to be replayed back by the
DAC/Enc, the USB interface controller reads in 2 * 8 bit data from the USB, packets it
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into a 1 * 16 bit data and transfers it to the SDRAM controller. The SDRAM controller
on receipt of 2 * 64 bit data transfers the data to the SDRAM memory. Here also some
kind of handshake signals is used to indicate to the SDARM controller that data is being
written into the Input Buffer.
The reason for using handshaking between the USB interface controller and the
SDRAM confroller is due to the fact that the USB can transfer data at a much slower rate
when compared to the rate at which data is read/written from the SDRAM memory. The
USB can transfer data at a peak rate of 1 MB or 8 mega bits of data, i.e. the peak
operating rate is 8 MHz, whereas the SDRAM operates at a rate close to 27 MHz. AIso
the data fransfer between the USB controller and the USB device is by a strobing
mechanism and these has its own limitations on the minimum duration for which the
sfrobing signal must be asserted by the device.

3.4.2
•

Interface Signals

D [7:0] - (In/Out) -This is a bi-directíonal data bus. During the recording mode,
the USB controller interface drives the data to be transferred to the PC on this bus
to the USB device. During the playback mode, the USB interface controUer reads
the data from the PC on this bus to be transferred to the SDRAM memory.

•

RD#

(Output) - The USB interface assert this signal to indicate that it needs to

read the data from the USB controller FIFO.
•

WR- (Output) - The USB interface asserts this signal to indicate that it has placed
a valid data on the data bus of the USB controller. The USB controUer latches in
the data placed on its bus on the falling edge of the WR signal.

•

TXEi^ - (Input) - The USB interface checks this signal to verify whether the
transmitter FIFO is empty. If this signal is LOW, the USB interface does a write
to the USB controUer.

•

RXF# - (Input) - The USB interface checks this signal to verify whether the
receiver FIFO is ftill. If this signal is LOW, the USB interface does a read from
the USB controUer.
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From_USB [15:0] - (Output) - The data read from the USB controller is
fransmitted to the SDRAM controller on this bus.
Data_Ack_To_SDRAM - (Output) - The USB controller asserts this signal to
indicate to the SDRAM controller that it has placed the data on the From_USB
bus during a Write operation. During a read operation, the same signal is used as
an acknowledgement to indicate that all the data that the SDRAM has placed on
the Output buffer has been transferred.
DataAckToUSB

- (Input) - During a write operation, the SDRAM controller

asserts this signal to the USB interface to indicate that it has completed
transferring the data that it received from the USB interface. During a read
operation, the SDRAM controUer asserts this signal to the USB interface to
indicate tiiat it has placed the data in the Output buffer that needs to be transferred
by the USB interface.
AddrFrmUSB

[1:0] - (Output) - The USB interface generates the address of

the output buffer from where it needs to read in the data that is to be transferred.
DataOut [63:0] - (Input) - The data from the Output Buffer is transferred to the
USB interface through this bus.
USB[1:0] - (Input): Based on the control signals generated by the control logic
interface, the USB interface control initiates either a read or write operation from
the USB device to the SDRAM memory. the 2 bits that corresponds to the various
commands are given in Table 3.5
Table 3.5 USB Interface Command
Commands

USB[1]

USB[0]

Stop

0

0

Read ADC data from SDRAM

0

1

Read Dec data from SDRAM

1

0

Write USB data to SDRAM

1

1
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3.5

Input Formatter

Working Principle
The Input formatter block formats the inputs from the ADC and the video decoder
units based on the control signals from the control logic block. The signal from the
confrol logic block (which is based on the input from the MSP) specifies whether the data
to be sampled is an 8, 10, 12 or 14 bit data. Based on the specificatíon suitable bits of the
data bus are sampled and the rest of the bits are padded with zero to make the input 16-bit
data.
If the input is an 8-bit data format then bits 13 to 6 from the input data bus have to
be sampled. To make this 16 bit data, two zeros are added in the front (MSB 15'^ and 14"'
Bit) and 6 zeros at the end (for bits 5, 4, 3, 2, 1, 0). This makes the 8-bit data retain its bit
positíon (13 to 6) in the 16 bit data.

3.6

SDRAM ConfroUer

Working Principle
The SDRAM controller acts as an interface between the SDRAM memory and the
other modules that need to write data to the SDRAM memory. The SDRAM controller
has a buffer of the size 4 * 64 bits. As soon as the SDRAM controller receives a valid
command from Control logic block, it starts operating in one of the 4 modes. If a write
command is issued, incoming data (Either from ADC, Decoder or USB) has to be written
into the SDRAM. If the data is from ADC or the Decoder eight sixteen bit data's are
buffered and then it is written as 2 * 64 bit (burst length being 2) into the SDRAM. The
transfer between USB and SDRAM is asynchronous. It happens with the help of two
hand shaking signals between the SDRAM ControIIer and the USB Interface. Once the
data is present on the buffer, the SDRAM controUer then generates the necessary control
signals needed to transfer the data to the SDRAM memory.
Similarly during a read operatíon (Data being read from SDRAM), if the target
device is either a DAC or Encoder then every eight clock cycles two 64 bit data's are
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being loaded into the output buffer. This data is then transferred to the DAC/Enc devices.
The fransfer from SDRAM to USB also occurs with the help of the hand shaking signals.

3.7

Output Buffer

Working Principle
The Output buffer is used for storing the data read out from the SDRAM. The
Output formatter to be sent to the DAC/Enc or the USB interface to send the data to the
USB reads the data stored in the Output buffer.
The Output buffer is a 4X64 bit buffer. The data from the SDRAM is written into
the Buffer whenever the LatchToBuffer signal goes high. The SDRAM ControIIer
always provides the address to which the data is to be written. Similarly while reading
data from the Output Buffer the address is provided by either USB interface or the output
formatter.

3.8

Top Module

The FPGA interfaces with ADC, Decoder and microcontroller (MSP 430) at the
input, DAC and Encoder at the output. It has a bidirectional data transfer with a 512 MB
memory block and a USB drive.
The FPGA reads the appropriate user command from the microcontroller.
Depending on the command a transfer of data takes place from either the components
(ADC, Decoder, USB) to the memory or from the memory to the components (DAC,
Encoder, USB).
The top module is designed by integrating all the individual modules. The
individual modules are
•

Input Formatter

•

SDRAM Controller

•

Output Buffer

•

USB interface

•

Output Formatter
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Figure 3.7 Top Level Module

Interface signals
•

Reset - (Input) - This is the global reset signal. When this signal is issued all the
buffers are cleared, all the signals are initialized.

•

Clkjn - (Input) - This is the clock to the FPGA. This clock is buffered and is
being sent to ADC, DAC and the SDRAM. The Commands in the FPGA are also
executed only with respect to this clock.

•

SDRAMData [63:0] - (Input/Output) - This is the bidirectional data bus used to
transfer data between the SDRAM and the FPGA.
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SDRAMAddr [12:0] - (Output) - This specifies the address to the memory
SDRAMCtrl [9:0] - (Output) - This provides the necessary control signals
needed for the read and write to the SDRAM memory
D [7:0] - (In/Out) - The data bus on which the USB controller sends and receives
data from the FPGA.
RD# - (Output) - The FPGA asserts this signal to indicate that it needs to read the
data from tiie USB confroller FIFO.
WR - (Output) - The FPGA asserts this signal to indicate that it has placed a valid
data on the data bus of the USB confroller. The USB controller latches in the data
placed on its bus on the falling edge of the WR signal.
TXE#

(Input) - The FPGA checks this signal to verify whether the transmitter

FIFO is empty. If this signal is LOW, the USB interface does a write to the USB
confroUer.
RXF# - (Input) - The FPGA checks this signal to verify whether the receiver
FIFO is full. If this signal is LOW, the USB interface does a read from the USB
controller.
DataDACEnc

[13:0] - (Output) - The FPGA transfers the data onto this bus

which is input to the DAC and the Encoder.
CLKOUTADC

- (Output) - This is the clock signal from the FPGA to the

ADC.
CLKOUTDAC

- (Output) - This is the clock signal from the FPGA to the

DAC.
Data_in[13:0] - (INPUT) - The decoded digital Y:Cb:Cr (4:2:2) format of the
analog video input or the 14-bit digital value of the sampled analog data from the
ADC
MSP_Cmd[3 downto 0] - (Input) - These are the 4 input bits from the MSP 430
to the FPGA. These confrol bits specify the mode of operation to the FPGA. The
different combinations and their corresponding modes are shown in the
Table 3.6

50

Table 3.6 MSP Commands
Cfrl_Frm_

Source and destination

Ctri_Frm_

Ctri_Frm_

Ctri_Frm_

MSP[2]

MSP[1]

MSP[0]

0

0

0

0

0

0

0

1

0

1

0

MSP[3]
Clear
Stop
ADC-SDRAM (8 bit format)

0

ADC-SDRAM (10 bit format)

0

0

1

1

ADC-SDRAM (12 bit format)

0

1

0

0

ADC-SDRAM (14 bit format)

0

1

0

1

DEC-SDRAM

0

1

1

0

USB-SDRAM

0

1

1

1

SDRAM-DAC/ENC

1

0

0

0

SDRAM-USB

1

0

0

1

3.9

Software

The software design is programming the MSP430. The code for the
microcontroller MSP430 is written using the C language. The main fiinction of the
software is to provide a interface between the user and the system. The user
conununicates with the microconfroUer through switches. The various functions that
MSP430 has to accomplish for different combinations of user inputs
•

Taking inputs (as intermpts)

•

Initialize the components Encoder and Decoder

•

Enable / Disable the components (ADC, DAC, Encoder, Decoder)

•

Displaying the statíis through a Liquid Crystal Display

•

Generate the control signals.
This project work concentrates on the software part that takes in the inputs from

the Switches from the user. Then based on these inputs, the software generates the
necessary control signals to the FPGA and also simultaneously enables or disables the
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necessary devices. The components that need to be enabled or disabled are the ADC and
the DAC. The ADC and the DAC can be enabled and disabled by pulling the
enable/disable line low and high respectively. The encoder and the decoder are
enabled/disabled through the I2C line.

3.9.1

MSP430 pin configuration

User input can be provided through a keypad with six push buttons. The
schematic of MSP430 and keypad are shown in Figure 3.8. [1]
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Figure 3.8 MSP430 Schematíc Diagram [1]
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::dfc:a

The keypad interface is through pins P2.0-P2.6. Out Of these switches, 5 of them
are ON/OFF switches and one of them is a Push button switch. The push button switch is
on P2.6 and that pin alone is interrupt driven. All the other switches are configured as
normal input pins and the status on these lines are read whenever the push-button switch
is pressed. This gives us the option of having 2^ = 32 combinations on the input switches,
and these are more than sufficient to perform the various fiinctionalities on the system.
Pins P3.X are used for reading the data byte that is transferred b/w the FPGA and
the USB. Dtiring replay mode, the first byte that is transferred from the USB device to the
FPGA has the information of which device (DAC/Encoder) must be enabled. So the
MSP-430 reads the first byte and then during the replay, enables the corresponding
device. Pins P1.2 - 1.5 are used as output confrol bits to the FPGA. Initialization of the
encoder and decoder are done via pins P6.3, P6.4 and pins P1.6, P1.7 respectively. The
ADC/DAC is enabled through pins P5.6-P5.7. The various pin configurations of the
MSP430 are shown in Figure 3.9.

Press Button
(1-6)

LCD Display

Interrupt
Routine
P2,0-P2.6
Read Data for
USB

P3

P4

MSP430
P1,2-P1.5

I2C

;il

P5,6/P6.7

,,
FPGA control

Enable/Disable

Enable/Disable
Decoder/Encoder

ADC^/UMLv

Figure 3.9 Pin Configuration of MSP430 [1]

3.9.2

Keypad Interface

The keypad interface initiates the various operations to be performed by the
VIDAR system. Of the 6 input switches, only one of them is a push-button switch and the

53

rest of the switches are normal ON/OFF switches. The user selects one of the specified
combinations needed to perform a particular operation (record or playback) through these
5 input switches. Then after selecting the desired combination, the MSP is initiated to
read the combination when the push-button switch is pressed. The push-button switch
input is the only input that is interrupt driven. So whenever the signal level of this line
goes LOW, the MSP is interrupted and in the interrupt service routine the MSP reads the
status of the switches and asserts/generates the necessary control signals to the FPGA and
the other devices that need to be enabled or disabled. The advantage of having an
interrupt driven keypad interface over that of polling mechanism is that the MSP can do
some other functions which caimot be done, had it been in the poUing mode of operation.
The keypad interface has following features:
•

No polling required

•

No crystal required

•

Minimum extemal components

•

Interrupt driven ononeofthe switches

The push-buttons are connected to port pins P2.0-P2.5. The rest of the port 2 pins
and port 1 pins can be used for other interrupt sources, because only the Pl pins and P2
pins have interrupt capability but other ports do not.
In normal mode, while the circuit is awaiting a key press (wait-for-press mode),
the P2.0 - P2.5 pins are configured as inputs, with interrupts enabled on P2.5 and set to
interrupt on a falling edge. The pull-up resistors (4.7KD) hold the inputs high in this
state. The MSP430 is then put into low-power mode 4, where the CPU is disabled ACLK
is disabled, MCLK and SMCLK are disabled, DCOs dc-generator is disabled and Crystal
oscillator is stopped. Hence in this mode, MSP430 current consumption is only lOOnA.
This state is maintained indefinitely until the push - button key is pressed. The circuit is
completely interrupt-driven and poUing is not required.
When a key is pressed, the pin associated with that key gets a falling edge,
waking up the MSP430. At that point, TimerA is configured to perform a debounce
delay of about 40 ms. The timer for the delay uses the intemal digitally controlled
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oscillator (DCO) of the MSP430 - an RC oscillator. The DCO is subject to tolerances, so
a debounce delay was chosen to give a worst-case-minimum delay of 25ms. This
amounts to a worst-case-maximum delay of about 86ms and a typical delay of about
40ms. This is a useable range for keypad debounce.
Figure 3.10 shows the flowchart of software flow of keypad interface. After the
debounce delay, the system reads the status on the switch input lines.

Initialize and SetUp MSP430
P2.0-P2.6]iiterrupts
From Key Press

"
Set Up 'Wait-For-Press Mode
And Enter LPM4

ClearFlag(s).ClearLPM4,
Disable Further P2.X Interrupts

S/WDebounce (40ms Delay)

Display Error
Message

"
ScanKeypad

N

, - ^ ' K e y ^ \
•^...^essedrî.^''''''^
Determine 'Which Key is pressed
P2.0-P2.6Interrupts
FromKey Release

"
Set Up 'Wait-For-Press Mode
And Enter LPM4

Display Error
Message

ClearFlag(s),ClearLPM4,
Disable Further P2.X Interrupts

S/W Debounce (40ms Delay)
V

;

Scan Keypad Agam

N ^..'-^ey^JL^ Execute Operation
^--^Jre s s e d j , ^ - ^

1

Figure 3.10 Keypad Interface Software Routine
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3.9.3

Enabling/Disablingof devices

Different components are required to be initialized for different modes of
operation. The initialization program thus needs to enable or disable the required
components appropriately. Driving the enable pin (OE) low enables the ADC. The DAC
is enabled by setting the power down (PD) pin to a logic low. I/O pins P5.6-P5.7 of the
MSP430 enable/disable tiie ADC and DAC. The Encoder and Decoder are enabled using
I2C logic, which is entirely provided in software. Two general-purpose I/O pins, P6.36.4, of the MSP430 are used to enable and disable the encoder through I C.
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CHAPTER IV
RESULTS

The results for both the FPGA and MSP430 codes are discussed in this chapter.
The various results are
•

Fvmctional simulation of USB Interface controller (FPGA)

•

Fimctional simulation of the TOP module (FPGA)

•

Timing simulation of TOP module (FPGA)

•

Initialization of the components (MSP430) and reading keypad inputs

4.1

Functional Simulation

Prior to synthesizing a design, it is a usual practice to simulate the system
functionally. This simulation is typically performed to verify code syntax and to confirm
that the code is functioning as intended. A functional simulation for the USB interface
confroller was done and found to meet the fimctionality needed. Similarly, the functional
simulation of all the other modules were done and found that they meet the functionality
that was designed for. Once the functional simulation of the individual modules was
done, all the modules were integrated in the top module to meet the system functionality.
Again the functional simulation of the whole system was done. The advantage of doing
the functional simulation of the individual modules, helped in checking whether each of
the individual modules fimctioned correctly, so that when they were integrated in the top
module, in the case of any problem, then it would be easy to isolate the problem to a
specific module and easy to debug. The successful testing of the top module proves that
the system is ftmctional as a whole and so are the individual modules that make up the
system.

4.2

USB Interface ControIIer

One of the most important modules in the VIDAR system is the USB interface
controUer. As already explained in Chapter - 3, the USB interface controller is used to
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interface the VIDAR system to a PC, so that Ihe corrupt video data that needs lo be
analyzed which is stored in the SDRAM isfransferredto the PC. Likewise at the remote
analysis locaUon, Uie USB interface confroller reads tiie data back from the PC and
ti^sfers the data to tíie SDRAM memory, so tíiat it can be replayed back by tíie VIDAr
system for analyzing tíie errors. The USB interface controUer was successfully tested to
meet all the requirements of the USB system. The design was tested for the recording and
tíie playback operations. In tiie recording operation, the data present in tiie SDRAM
memory is transferred to tíie PC through the USB. In tíie playback mode, tíie data from
the PC is transferred to the SDRAM memory.
4.2.1 SDRAM to USB Data Transfer
The waveforms shown in Figure 4.1 below indicate the transfer mechanism of data from
tíie SDRAM totíieUSB.

Figure 4.1 SDRAM to USB Data Transfer
Once the data from the ADC istiunsferredto the SDRAM, the required data is to
be transferred to the PC via the USB. The process is initiated by the MSP-430 to transfer
tíie data from the SDRAM to tíie USB. On receipt of the command from the user, the
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USB interface waits for an acknowledgement from the SDRAM controller that it has
fransferred the data from the SDRAM memory to the Output Buffer. On receipt of this
acknowledgement from the SDRAM, the USB starts the process of reading in the data
from the Output Buffer in blocks of 64 - bit data and transfers all the 4 * 64 data present
in the Output Buffer. To do this after every 64- bit data transfer is done, the USB
interface increments the address of the Output Buffer from which the data is to be read
and reads the successive locations of the Output Buffer. The data transfer to the USB
device is an asynchronous fransfer, i.e. the USB controller checks the status of the TXE#
signal and only when this signal is LOW, does the USB controUer output data on the data
bus and pulses the WR signal to the USB device to indicate that data placed on the USB
data bus is to be latched in by the USB device. After the fransfer of the data in the Output
Buffer, the USB confroller asserts a signal to the SDRAM controUer to indicate that it has
fransferred the data placed on the Output Buffer to the USB device, and is ready for the
fransfer of the next set of 4 * 64 data to the USB device.
Referring to Figure 4.1, we notice, that on the receipt of the command from the
user, the SDRAM controller reads 4 * 64 bit data from the SDRAM memory and
fransfers it to the Output Buffer indicated as OBuffer [0] to OBuffer [3] on 4 clock
cycles. As soon as the data's are loaded into the buffer, the SDRAM controller asserts a
signal to the USB interface controUer (Ack_To_USB) to indicate to it that the SDRAM
confroller has placed the data to be fransferred to the USB on the output buffers. On
receipt of this acknowledgement from the SDRAM controUer, the USB interface
confroller starts reading in each 64-bit data and transfers it to the USB device, depending
on the TXE# and RXF# signals respectively. We note that the USB transfers 8-bit data to
the USB device.
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4.2.2 USB to SDRAM Data fransfer

Figure 4.2 USB to SDRAM Data fransfer
Once the data has been stored by the USB device in the form of a file, this file is
transferred to a remote end, where the image needs to be analyzed. Here the file is read
back from the USB device and transferred to the SDRAM memory from where it is
replayed back through the DAC/Enc.
The data transfer mechanism from the USB to the SDRAM is again initíated by
the MSP - 430. On receipt of the command from tíie MSP-430 the confrol logic block
asserts the necessary confrol signals to initiate thefransferof datafromthe USB device to
the SDRAM. The data fransfer from the USB device to tíie SDRAM is again based on
handshaking. Here the USB interface continuously checks for the RXF# signal. If the
RXF# signal is asserted, then tíie USB interface asserts tiie RD# signal LOW and latches
in the data at the rising edge of RD# or it can also be latched at the clock edge. After
reading in a 16-bit data from the USB device, tiie USB interfacefransferstíiisdata to tíie
SDRAM confroller where the data is stored in the Input Buffer. The datafransferfrom
the USB to the SDRAM is shown in tíie Figure 4.2 and Figure 4.3. Notice that after
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fransferring each 16 - bit data, tíie USB interface asserts tíie Data Acknowledgement to
the SDRAM confroller to indicate tíiat it has fransferred data to the Input Buffer. The
Umisfer of data into the Input BuíTer is reílected in the figure, where we can observe the
data tíiat is beingfransferredto tíie Input Buffer is being updated after each 16-bit data is
fransferred from tiie USB device to the Input Buffer. After 4 such 64-bit data is
UBnsferred to tíie SDRAM interface, the SDRAM confroller fransfers the data to the
SDRAM memory.

Figure 4.3USB to SDRAM Transfer
The USB Interface confroller reads in 2 bytes of data from the USB device and
then transfers the data to the I/P buffer present in the SDRAM controller interface. Notice
in the Figure 4.3, that the USB interface confroller, afterfransferringthe data 0100, to the
mput bufifer, reads in the next data at tíie rismg edge RD#, or in a clock edge when RD#
is asserted. After reading 2 consecutive data from the USB device, the USB mterface
confroUer transfers tíie 16-bit data to tíie I/P buífer. Simultaneously, it asserts an
acknowledgement to the SDRAM confroller that it has placed one 16 bit data in the mput
buffer.
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4.3

Top Module

The modules were designed in VHDL and were integrated. The syntax check on
the integrated module was successftil. Functional simulations of the various interfaces are
explained in detail. Fvmctional simulations were done for the foUowing four cases.
•

ADC -> SDRAM Data transfer

•

SDRAM -> USB Data fransfer

•

USB -> SDRAM Data fransfer

•

SDRAM -> DAC Data fransfer

The four cases mentíoned verify the functionality of the whole system.

4.3.1

ADCtoSDRAM

Initíally the reset is high. During reset, the initialization of the SDRAM is done.
After reset goes low, a process is initiated by the MSP by sending a command word. On
receiving this command from the MSP, the Control logic generates the necessary signals
needed to initiate the Input Formatter and the Input Formatter starts latching the data
from the ADC on every Falling Clock edge and packets them into 16 - bit data (Word)
and fransfers this data to the Input Buffer present in the SDRAM control logic block. The
SDRAM controller transfers the data to the SDRAM memory once 8 words are written
from the ADC to the Input Buffer, i.e. the burst length for the data transfer between the
ADC and SDRAM is set to 2. The SDRAM controller generates the necessary confrol
signals for transferring the data to the SDRAM memory. The SDRAM transfers can be
seen in Figure 4.4 and Figure 4.5.
Figure 4.4 and Figure 4.5 show the data transfer from the ADC to the SDRAM.
The data from the ADC is first loaded into the input buffer (Y_Buffer[0] to Y_Buffer[3])
which is 64 bits each. Once two such 64-bit buffers are fuU an intemal signal is sent to
the controller, which starts the transfer of data. . Figure 4.4 shows SDRAMData signal,
it is a 64-bit data bus to the SDRAM memory. The data has also been split into 4 16-bit
data's SDRAM [15:0], SDRAM [31:16], SDRAM [47:32], SDRAM [63:48] and
displayed in figure 4.3. The data transfer from Inputdata bus into the SDRAMData bus
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is seen clearly in Figure 4.4. It can be seen in Figure 4.4 and thattíiereare two 64-bit data
transferred simultaneously (burst lengtíi = 2) onto SDRAMData bus. Figure 4.5 shows
the column address bus SDRAMAddress being incremented to store the data in Ihat
corresponding colimin address in SDRAM memory. The values on the buffer can be seen
beingfransferredat a burst length of two.

Figure 4.4 ADC to SDRAM data fransfer
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Figure 4.5 ADC to SDRAM data fransfer
4.3.2

SDRAMtoUSB

Once the data from the ADC isfransferredto the SDRAM,tiierequired data is to
be stored in the USB device. The process is initíated by the MSP-430 tofransferthe data
from the SDRAM to the USB. On receipt of the command, the USB interface waits for an
acknowledgement from the SDRAM confroller that it hasfransferredtiiedata from the
SDRAM memory to the Output Bufifer. On receipt of this acknowledgement from the
SDRAM, the USB starts the process of reading in tíie data from the Output Buffer in
blocks of 64 - bit data andfransfersall tíie 4 * 64 data present in tíie Output Buffer. To
do tíiis after every 64- bit datafransferis done, tíie USB interface increments the address
of the Output Bufifer from which the data is to be read and reads tíie successive locations
of the Output Bufifer. The data ti^sfer totíieUSB device is an asynchronous transfer, i.e.
tíie USB confroller checks the stattis of the TXE# signal and only when tí s signal is
LOW, does tiie USB confroller output data on tíie data bus and pulses the WR signal to
64

tíie USB device to indicate tíiat data placed on tíie USB data bus is to be latched in by the
USB device. After the fransfer of tíie data in tíie Output Bufifer, tíie USB confroller
asserts a signal to tíie SDRAM confroller lo indicate tíiat it hasfransferredthe dala placed
on the Output Buffer to the USB device, and is ready for the fransfer of the next set of
4*64 data totíieUSB device.
Figure 4.6 and Figure 4.7 shows tíie data fransferred to the output bufifer. The
output bufifer shown as O_Bufifer[0] to OBuffer [4] is loaded witii values in consecutive
clock cycle. As soon as the data's are loaded into tiie bufifer tiie acknowledgement signal
to tíie USB (Ack_To_USB) goes high. Once tíie Acknowledgement goes high tíie data is
transferred on tíie USB bus to tiie USB periodically depending on tíie TXE# and RXF#
signals respectively. The values of the output bufifer can be seen on the data bus of the
USB.

Figure 4.6 SDRAM to USB data fransfer
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Figure 4.7 SDRAM to USB data fransfer
4.3.3 USB to SDRAM
Once the data has been stored in the form of a file by the USB device, this file is
fransferred to a remote end, where the image needs to be analyzed. Here the file is read
back from the USB device and ttansferred to the SDRAM memory from where it is
replayed back through the DAC/Enc.
The data fransfer mechanism from the USB to the SDRAM is again initiated by
the MSP - 430. On receipt of the conmiand from tíie MSP-430 tíie confrol logic block
asserts the necessary confrol signals to irútiate thefransferof datafromthe USB device to
the SDRAM. The data fransfer from the USB device to tiie SDRAM is again based on
handshaking. Here tíie USB interface contmuously checks for tíie RXF# signal. If the Ime
goes Low, tíien the USB interface asserts the RD# signal LOW and latches in tiie data at
the rising edge of RD# or it can also be latched at the clock edge. After reading in a 16bit data from tíie USB device, tíie USB interface fransfers tfiis data to tíie SDRAM
confroller where the data is stored in the Input Bufifer. The datafransferfromtíieUSB to
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tíie SDRAM is shown in tíie Figure 4.8. Notice that after transferring each 16 - bit data,
tíie USB interface asserts tíie Data Acknowledgement to the SDRAM confroller to
indicate tíiat it hasfransferreddata to tíie Input Buffer. The transfer of data into the Input
Bufifer is reflected in tíie fígure, it can be observed that the data beingfransferredto the
Input Bufifer is being updated after each I6-bil data isfransferredfromthe USB device to
tíie Input Bufifer. After 4 such 64-bit data isttansferredtotíieSDRAM interface, it can be
seen in Figure 4.8 tíiat tíie SDRAM confroUer fransfers all tíie 4 64 bit data
simultaneously (burst lengtíi = 4) to the SDRAM memory ontíieSDRAMData bus.
Figure 4.8 shows tíie fransfer of data from USB to SDRAM. Here the input data
on tíie USB data bus is being loaded into tíie input buflFer (Y_Buffer[0] to Y_Bufifer[l]).
Once the bufifer is full the data being loaded onto the SDRAM data bus in burst length of
four.
Reset
Eh

MSPCmd
"--IiansíefíSDRAM

Figure 4.8 USB to SDRAM data fransfer
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4.3.4

SDRAMtoDAC

The datattansferredfromthe USB to the SDRAM is then played back through the
DAC or Encoder, based on tiie command from tíie MSP-430. This helps in reconsttucting
the image that was captured at a remote locatíon and helps in analyzing the results. The
ti^sfer of data to tíie DAC/Enc must be done on every clock edge, as the DAC and Enc
are clock driven circuits. Thetímingdiagram showing the datattansferfromthe SDRAM
to the DAC is shown in tiie Fig 4.8 below. The SDRAM keeps continuously writing
blocks of 2 * 64 wide data to the Output Bufifer and the Output Formatter reads tiie data
from the Output Buffer and drives the data onto the DAC/Enc extemal common bus.
Figure 4.9 showstiiettansferof data from the SDRAM the DAC.

Two 64-bit data

is loaded into the output buífer and an acknowledgement is sent to output formatter. The
output formatter loads data from the buffer into the output bus. Figure 4.9 shows data on
Data->DAC bus at every clock pulse.

Eh'' O.Buffei
^
.BuffetPl

GDG5/55D6D6575
1B1224 3 1 " ' " "

Figure 4.9 SDRAM to DAC data fransfer
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4.4

Timing Simulation

After the fiinctionality of the individual blocks and the system as a whole is
verified, the next step involves, the synthesis and place and route. This ensures whether it
is possible to map the code into realizable hardware on the chip to be used. After the
place and routes of the system on the FPGA, the next step involved is to verify the system
functionality again. This verification is called Timing Simulation, as the simulation now
takes into consideration the delays associated within the device, i.e. it shows the delays
associated with the routíng of the logic in the FPGA. This simulatíon is important as this
verifies whether the signals are being driven at the correct time and also whether the
signals meet the Set-up and Hold time for the devices to which they are interfaced from
the FPGA. Also another factor that affects this simulatíon is the constraints specified, by
the user. In the present system, the main constraint arises due to the fact that the board
layout has been done considering signals arriving from different pins on the FPGA. .
These constraints are specified by entering them using the Xilinx PACE. This also affects
the delay.
4.4.1

ADC Timing Requirements

The main consideratíons for the timing simulatíons are explained in Figure 4.10.
The ADC fransfers data at every rising Clock edge and the output is available at a time of
5 ns from the rising clock edge. This data is latched in by the FPGA at the falling clock
edge and thus the data set-up time of the FPGA is met. [8]
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TIMING DIAGRAM
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Figure 4.10 ADC timing requirements [8]

4.4.2

DAC Timing Requirements

The timing diagram for the DAC is shown in the Figure 4.11
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jNITS.

ns

The data set-up time for the DAC is typically Ins with respect to the rising clock
edge. This is achieved as the FPGA drives the signal to the DAC at the falling clock
edge, thereby ensuring that the Set-up time for the device is met. [9]

4.4.3

USB Timing Requirement

The timing requirement for the USB is shown in Figure 4.12. For the USB device,
the pulse width of WR must be at least 50 ns. The design caters to having a WR of pulse
width equal to 75 ns. The data is latched by the USB at the rising edge of WR signal. The
data hold time is a minimum of 10 ns. The system provides a hold time of around 37 ns.
Thus the timing requirement for the USB is met. Similarly, the system meets the timing
requirement for the read process. [4]
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Figure 4.12 USB Timing Requirement [4]
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The timing simulation is done for the following four cases.
•

ADC -> SDRAM Data transfer

•

SDRAM -> USB Data transfer

•

USB -> SDRAM Data transfer

•

SDRAM -> DAC Data transfer

The results are shown in Figure 4.13, Figure 4.14, Figure 4.15, Figure 4.16 and Figure
4.17.

4.4.4

ADC to SDRAM

After reset goes low, a process is initiated by the MSP by sending a command
word. On receiving this command from the MSP, the Control logic generates the
necessary signals needed to initiate the Input Formatter and the Input Formatter starts
latching the data from the ADC on every Falling Clock edge and packets them into 16 bit data (Word) and transfers this data to the Input Buffer present in the SDRAM control
logic block. The SDRAM controller transfers the data to the SDRAM memory once 8
words are written from the ADC to the Input Buffer, i.e. the burst length for the data
transfer between the ADC and SDRAM is set to 2. The SDRAM controller generates the
necessary control signals for transferring the data to the SDRAM memory
Figure 4.13 shows the various signal involved in the transfer. Figure 4.13 and
Figure 4.14 shows that the SDRAM interface signals, Data->SDRAM, Clk->SDRAM,
WE#, CAS#, RAS#, Addr->SDRAM meet their required setup and hold time(1.5 ns).
The data are registered at the positive edge of the clock of the SDRAM and these signals
stabilize ahead of 1.5 ns (set up time) before the rising edge and stay the same after 1.5 ns
(hold time) of the rising edge of the clock.
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Figure 4.13 Timing simulation for ADC to SDRAM data transfer
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Figure 4.14 Thning simulation for ADC to SDRAM data transfer
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4.4.5 SDRAM to USB
The process is initiated by the MSP-430 to transfer the data from the SDRAM to
the USB. On receipt of the command, the USB interface waits for an acknowledgement
from the SDRAM controUer that it has transferred the data from the SDRAM memory to
the Output Buffer. On receipt of this acknowledgement from the SDRAM, the USB starts
the process of reading in the data from the Output Buffer in blocks of 64 - bit data and
transfers all the 4 * 64 data present in the Output Buffer. This transfer of data is
asynchronous. The timing requirements in this particular transfer are not very critical
with respect to the SDRAM memory. The data is being read from the SDRAM memory
and is written into the output buffer. Figure 4.15 shows a stable data on the outputbuffer
bus.

ak->SDRAM
B-

SDRAMData

B-

SDRAMAddt
WEIt
RAStt
CASIt
RDtt
WR
TXEt

Figure 4.15 Timing simulation for SDRAM to USB data transfer
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4.4.6 USBtoSDRAM
The data transfer mechanism from the USB to the SDRAM is again initiated by
the MSP - 430. On receipl of the command from the MSP-430 the control logic block
asserts the necessary control signals to initiate the transfer of datafromthe USB device to
the SDRAM. The data transfer from the USB device to the SDRAM is again based on
handshaking. Here the USB mterface continuously checks for the RXF# signal. If the line
goes Low, then the USB interface asserts the RD# signal LOW and latches in the data at
the rising edge of RD# or it can also be latched at the clock edge. After reading in a 16bit data from the USB device, the USB interface transfers this data to the SDRAM
confroller where the data is stored in the Input Buffer.
Figure 4.16 shows the SDRAM memory interface signals, SDRAMData,
SDRAMAddr, CIk->SDRAM, WE#, RAS#, CAS#. AII the SDRAM interface signals
shown in Figiu-e 4.16 meet their setup time (1.5 ns) and hold time (1.5 ns) with respect to
the positive edge of CIk->SDRAM.
'É

â
â
Q-

raisfei
Ck->SDRAM
SDRAMDatâ

2322212(11F1D1C1B!
0000 ,

— USBSignals
RDtt

2C2B2A2928272524
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Y.BiílnJ

1110333231
1A191

Figure 4.16 Timing simulation for USB to SDRAM data transfer
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4.4.7 SDRAM to DAC
The datafransferredfromthe USB to the SDRAM is then played back through the
DAC or Encoder, based on the command from the MSP-430. This helps in reconstructing
the image that was captiu-ed at a remote location and helps in analyzing the resuhs. The
transfer of data to the DAC/Enc must be done on every clock edge, as the DAC and Enc
are clock driven circuits. The timing diagram showing the data transfer from the SDRAM
to the DAC is shown in the Fig 4.15 below. The SDRAM keeps continuously writing
blocks of 2 * 64 wide data to the Output Buffer and the Output Formatter reads the data
from the Output Bufíer and drives the data onto the DAC/Enc extemal common bus.
The setup time and hold time of the DAC is 1.5 ns. Figure 4.17 shows the data to
the DAC on the Data->DAC bus to be continuous. It also meets the setup time and hold
time of the DAC with respect to the positive edge of the clock signal CIk->DAC.

Figure 4.17 Timing simulation for SDRAM to DAC data transfer
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The timing simulation works fine for all the modes of operation. Though this
report does not mention the timing requirements of the SDRAM, the timing simulation of
the top module successfially met the timing conditions for all the components (including
the SDRAM).
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CHAPTER V
CONCLUSION AND FUTURE WORK
5.1

Conclusion

The three important parts required for the system to work completely are the MSP
430 for controUing and interfacing the signals with the user, the FPGA which interacts
with all the parts in the board and is responsible for the transfer of data from one part to
another and the third being the board itself.
The FPGA was completely designed and successfiilly tested. The hierarchy of
implementation starting from design through synthesis, map, place and route, timing
simulation till generation of PAR file was done. The timing simulations were tested for
all possible combination, the inputs to the system was generated randomly using test
codes. The code still has to be implemented on to the FPGA device in the board and
tested.
The microcontroUer is responsible for interfacing between the board and the user.
The user inputs are through switches. The microcontroUer is programmed for issuing the
command to the board depending on the inputs from the user. The programs were
successfuUy tested using a logic analyzer. The code still has to be tested after
implementing it on the board.
5.2

Current Status

The components have been soldered to the board. A part of the hardware has been
tested. The code has however not been loaded to the FPGA, as a result of a short on the
board between the power supplied to the core of the FPGA (i.e. 1.8V) and the power
supplied to its I/O ports (3.3V). As a result of this short on the board, not due to the
device or soldering, the core of the FPGA was pulled up to around 2.8V, while it should
have been 1.8V only. As a result of this, a new device had to be soldered on to the board,
and the tracks running to the core of the FPGA was cut, the pins of the FPGA lifted, and
connected to 1.8V. Now there are no shorts on the board. So the next step involves
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loading the program to the FPGA and testing the board to ensure that it matches the
performance for which it is designed.

5.3

Future work

The design of the system could be improved for fijture work. The only
component, which lags in the whole system, is the USB. The USB currently used is the
USB 1.0. We can either use USB 2.0, which is at least eight times faster than USB 1.0, or
the USB port could be totally replaced with a PCI card. By doing either of the suggested
two the speed of the system could be drastically improved with only minor changed in
the FPGA.
Additional functions like fransferring data from ADC to SDRAM and displaying
the same through DAC in parallel or fransferring data from Decoder to SDRAM and
displaying the same in Encoder in parallel could be done by re-programming the FPGA.
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