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Limited Warranty and Disclaimer. These designs are provided to you �as is�. Xilinx and its licensors make and you receive no 
warranties or conditions, express, implied, statutory or otherwise, and Xilinx specifically disclaims any implied warranties of 
merchantability, non-infringement, or fitness for a particular purpose. Xilinx does not warrant that the functions contained in these 
designs will meet your requirements, or that the operation of these designs will be uninterrupted or error free, or that defects in 
the Designs will be corrected. Furthermore, Xilinx does not warrant or make any representations regarding use or the results of 
the use of the designs in terms of correctness, accuracy, reliability, or otherwise.

Limitation of Liability. In no event will Xilinx or its licensors be liable for any loss of data, lost profits, cost or procurement of 
substitute goods or services, or for any special, incidental, consequential, or indirect damages arising from the use or operation 
of the designs or accompanying documentation, however caused and on any theory of liability. This limitation will apply even if 
Xilinx has been advised of the possibility of such damage. This limitation shall apply not-withstanding the failure of the essential 
purpose of any limited remedies herein.

These design modules are not supported by general Xilinx Technical support as an official Xilinx Product.
Please refer any issues initially to the provider of the module.

Any problems or items felt of value in the continued improvement of these reference designs would be gratefully received by the 
author. 

Ken Chapman
Senior Staff Engineer � Spartan Applications Specialist
email: chapman@xilinx.com

Limitations
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Introduction
This reference design for the Spartan-3E Starter Kit serves two quite different purposes. As such, you may be interested in one particular aspect or both.

HyperTerminal
(or similar)

RS232
Serial Communication

38400 baud
8-bits
No Parity
No flow control

XC3S500E

UART

1024 × 18

768 × 24

1280 × 72

1536 × 12

1920 × 9

1280 × 13

1920 × 48

Line Store 
Macros Under 

Evaluation

LEDs
pixels_per_line × bit_width

Hardware Development and Testing of Macros - The design provides an example of how the Starter Kit can be used as a test bed for macros enabling 
real implementations to be evaluated during development. This technique can be applied to many parts of designs and helps reduce the burden of testing 
and debugging when putting a final system together. Such �real simulation� can also be significantly faster than using a traditional software simulator since 
the logic is working at full clock rate. When testing a macro, it is not always necessary to have all the peripherals and connectors that the final system will 
have. The macro is effectively placed in a �virtual socket� within the Spartan-3E device and some means provided to stimulate and monitor the macro. In this 
example PicoBlaze is used as a convenient way to control and monitor the macros under test with an RS232 (UART) link to the PC providing the human 
interface (HyperTerminal). So in fact the test design only uses 2 pins on the Spartan device and all others are �virtual pins� (OK, I used the LEDs too). 

Efficient Video Line Store Macros - In this case the macros under evaluation are a set of highly efficient video line stores implemented using Block 
Memory (BRAM). Line stores are often used when performing image processing algorithms. In recent years the resolution of images has been increasing 
resulting in more pixels per line and pixels of greater resolution (more bits to represent each colour). Unless these line stores are implemented efficiently it 
becomes very difficult to implement an adequate number of line stores on a Spartan-3E device. This reference design provides 7 ready to use line store 
macros all of which can be evaluated using this design. If your main interest in this reference design is purely to use one or more of these macros then you 
may wish to advance directly to page 16 (without passing GO and without collecting £200!).
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Using the Test Design
The design is provided as a configuration BIT file for immediate programming of the Spartan XC3S500E provided on the Spartan-3E Starter Kit. Source 
design files are also provided for those more interested in the intricacies of the design itself. 

USB cable plus some devices on 
board essentially provide the same 
functionality as a Platform Cable 
USB and is used in conjunction  

with iMPACT. 

Initially used to configure the 
Spartan-3E with the PicoBlaze 

based design (BIT file). 

Can subsequently be used to 
update the PicoBlaze program 

stored in an internal Block Memory 
(BRAM) allowing rapid software 

changes and experiments
(see JTAG_loader documentation 

provided with PicoBlaze) .

RS232 Serial Cable. 
Used for operating the design and 

obtaining results.

Cable connects J9 on the board to 
your PC serial port. For this you will 

need a male to female straight 
through cable (critically pin2-pin2, 

pin3-pin3 and pin5-pin5).  

+5v supply
Don�t forget to switch the board on too! 

(SWP)

PC

To make this task really easy the first time, unzip all the files provided into a directory 
and then�. 

double click on �install_line_store_tester.bat�. 
Assuming you have the Xilinx software installed, your board connected with the USB 
cable and the board powered (don�t forget the power switch), then this should open a 
DOS window and run iMPACT in batch mode to configure the Spartan-3E with the 
design (configuration BIT file). You should see the LED �LD0� turn on and a message 
appear on your PC terminal window (see following pages for HyperTerminal set up).

Quick Start - Configure the Spartan-3E with the design
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Serial Terminal Setup 
An RS232 serial link is used to communicate with the design. Any simple terminal program can be used, but HyperTerminal is adequate for the task and 
available on most PCs. 

A new HyperTerminal session can be started and configured as shown in the following steps. These also indicate the communication settings and protocol 
required by an alternative terminal utility. 

1) Begin a new session with a suitable name.
HyperTerminal can typically be located on your PC at 
Programs -> Accessories -> Communications -> HyperTerminal.

2) Select the appropriate COM port (typically COM1 or COM2) from
the list of options. Don�t worry if you are not sure exactly which one is 
correct for your PC because you can change it later.

3) Set serial port settings.

Bits per second : 38400
Data bits: 8
Parity: None
Stop bits: 1
Flow control: None

Go to next page to 
complete set up�



Efficient Video Line Stores 6

HyperTerminal Setup 
4 - Disconnect

5 - Open the properties dialogue

To select a different 
COM port and change 
settings (if not correct).

6 - Open Settings

8 - Open ASCII Setup 

Ensure boxes are filled in as shown. 

The design will echo characters that 
you type so you do not need the �Echo 
typed characters locally� option.

The design transmits carriage return 
characters (ODHEX) to indicate end of 
line so you do need the �Append line 
feeds to incoming line ends� option to 
be enabled.

Although steps 1, 2 and 3 will actually create a Hyper terminal session, there are 
few other protocol settings which need to be set or verified for the PicoBlaze 
design to work as expected. 

9 - �OK� the boxes to get back to 
main screen and then Connect.

7 - Select VT100 and then 
click �Terminal Setup�
Set �Rows� to 40 and 
�Columns� to 100.
(You will probably need to stretch 
main screen later to fit this size).

Optional step�..
Set Font to 
Courier New,
Regular, 10
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Terminal Commands
Welcome message

Enter commands in upper or lower case

Valid commands acknowledged with �OK�

Any mistakes in command entry results in �Error�

Type commands to the prompt.
Backspace key is supported to allow simple editing.
Single space between command and hex value or operand.
End command entry with Carriage Return.

All tests are performed using simple 
commands (see next page) entered at the 
terminal. 

The value at the output of each line store is 
display with a simple �index� line to help 
identify each output.

Display of cycle count

Values applied to line store inputs

Index
line

Outputs from line stores
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Terminal Commands
SET hhhhhh - Set the 24-bit value to be applied to the input of all line stores where 'hhhhhh' is a 6 digit hex value.

Line stores requiring less than 24-bits will are provided with the least significant bits of this value.
By default the design is initialised or �RESET� with the value set to 000001 hex.

CYCLE n   - Test the line stores for �n� clock cycles where �n� is a decimal value in the range 1 to 9999.
The input to the line stores during each test cycle will be depend on previous use of SET and AUTO commands.
The outputs from all line stores will be displayed depending on the previous use of FAST command.

AUTO ON / AUTO OFF � With AUTO mode turned on, the 24-bit value applied to the inputs of the line stores will automatically increment after each test  
cycle. By default the design is initialised or �RESET� with AUTO turned ON and the status of AUTO is indicated by LED �LD0� on
the board. 

FAST ON / FAST OFF � With FAST mode turned on, the display of results during a CYCLE command are suppressed except for the last cycle. In this 
design the speed of the test is limited by the communication rate of the RS232 interface. When FAST mode is enabled, the 
speed benefits of testing using real hardware become apparent. By default the design is initialised or �RESET� with FAST turned
OFF and the status of FAST is indicated by LED �LD1� on the board. 

RESET   - Initialise the test design. 
All line stores are purged of existing values by repeatedly writing the value 000000 hex.
Cycle counter is reset.
Input to line stores set to 000001 hex with AUTO mode ON.
FAST mode is turned off.
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Example Test 1
KCPSM3>cycle 3

00001   000001  000000  00000  0000  000000 000000 000000 000  000 000000 000000
00002   000002  000000  00000  0000  000000 000000 000000 000  000 000000 000000
00003   000003  000000  00000  0000  000000 000000 000000 000  000 000000 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

KCPSM3>fast on

OK

KCPSM3>cycle 1915

01918   00077E  00047E  0037E  027E  00027E 000000 000000 17E  000  000000 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

KCPSM3>fast off

OK

KCPSM3>cycle 5

01919   00077F  00047F  0037F  027F  00027F 000000 000000 17F  000  000000 000000
01920   000780  000480  00380  0280  000280 000000 000000 180  000  000000 000000
01921   000781  000481  00381  0281  000281 000000 000000 181  001  000001 000000
01922   000782  000482  00382  0282  000282 000000 000000 182  002  000002 000000
01923   000783  000483  00383  0283  000283 000000 000000 183  003  000003 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

Using the default initial settings the CYCLE command will 
generate input values (in hexadecimal) that match the test 
cycle count. All cycles are displayed and after the last line 
there is an �index� to identify each line store output.

Although all line stores are being tested in parallel by this 
design, in this example my interest was to check the macros 
supporting 1920 stages of delay. To perform and display 1915 
test cycles would take approximately 42 seconds so the fast 
mode is useful to make rapid progress; actually appears to be 
instantaneous �. 

Hint � Use FAST ON to get close to the cycles of interest and 
then revert to FAST OFF to see  the detail.

As the 1921st test cycle is reached, the output from the 
1920 stage line store is showing the value 000001 hex 
which was input during the 1st test cycle.

�Index� tells you that 
column of results 

above are the outputs 
from a 1920 stage 

line store

Decimal Test cycle counter since start

Hex value applied to line stores
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Example Test 2
KCPSM3>set 123456

OK

KCPSM3>cycle 1

00001   123456  000000  00000  0000  000000 000000 000000 000  000 000000 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

KCPSM3>set 789abc

OK

KCPSM3>cycle 1

00002   789ABC  000000  00000  0000  000000 000000 000000 000  000 000000 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

KCPSM3>set aaaaaa

OK

KCPSM3>auto off

OK

KCPSM3>cycle 1285

In this example a specific pattern is being applied to the line 
store inputs. 

First the value 123456 hex is set and then applied for one test 
cycle

Second the value 789ABC hex is set and then applied for one 
test cycle

Finally the value AAAAAA hex is set and by using the AUTO 
OFF command this value will be applied for all subsequent 
test cycles.

Again, although all line stores are being tested in parallel, in
this case my interest was the line store macros providing1280 
stages of delay.
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Example Test 2 continued
.
.
.
01266   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01267   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01268   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01269   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01270   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01271   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01272   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01273   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01274   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01275   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01276   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01277   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01278   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01279   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01280   AAAAAA  AAAAAA 2AAAA  0000  000000 000000 000000 000  000 000000 000000
01281   AAAAAA  AAAAAA 2AAAA  1456  123456 000000 000000 000  000 000000 000000
01282   AAAAAA  AAAAAA 2AAAA  1ABC  789ABC 000000 000000 000  000 000000 000000
01283   AAAAAA  AAAAAA 2AAAA  0AAA  AAAAAA 000000 000000 000  000 000000 000000
01284   AAAAAA  AAAAAA 2AAAA  0AAA  AAAAAA 000000 000000 000  000 000000 000000
01285   AAAAAA  AAAAAA 2AAAA  0AAA  AAAAAA 000000 000000 000  000 000000 000000
01286   AAAAAA  AAAAAA 2AAAA  0AAA  AAAAAA 000000 000000 000  000 000000 000000
01287   AAAAAA  AAAAAA 2AAAA  0AAA  AAAAAA 000000 000000 000  000 000000 000000

cycle    input     768   1024  1280   1280a  1280b  1280c 1536 1920   1920a  1920b

OK

KCPSM3>

Because the CYLCE command was issued with FAST OFF 
all results are displayed (but it took a minute to run!).

You can see that the shorter line stores have filled with the 
fixed AAAAAA hex value (some line stores are less than 24-
bits resulting in what appears to be a different value at first 
glance) and those that are longer have yet to show any values 
other than their initial clear states. 

As the test reaches cycle 1281 the special values 
applied during test cycles 1 and 2 appear at the outputs 
of the 1280 stage line stores.

This macro supports 13-bit data so the original 24-bit value has been 
truncated to just the least significant bits
123456 hex = 0001 0010 0011 0100 0101 0110
789ABC hex = 0111 1000 1001 1010 1011 1100

24-bit macro 
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PicoBlaze Circuit Diagram
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serial_in
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data_out

reset_buffer

buffer_data_present

en_16_x_baud
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read_from_uart
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UART macros include 16-byte FIFO buffers

baud_timer

counter

s
t
a
t
u
s
_
p
o
r
t

�JTAG_loader� allows rapid 
PicoBlaze code development.
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led[7:0]

0

Interrupt not used in this design
Baud rate = 38400

[7:0]

1 [15:8]

2 [23:16]

line_store_in[23:0]

3
line_store_ce

Decode 00001

�dummy� write to port 
08 hex generated clock 

enable pulse
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Read outputs from all 
line stores under test 

(see next pages).
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Line Stores Under Test - Circuit Diagram 1

delay_768x24 line_store1

data_in[23:0]

clk

ce

line_store1_out[23:0]
data_out[23:0]

[7:0]

[15:8]

[23:16]

delay_1024x18 line_store2

data_in[17:0]

clk

ce

line_store2_out[27:0]
data_out[17:0]

[7:0]

[15:8]

[17:16]

delay_1280x13 line_store3

data_in[12:0]

clk

ce

line_store3_out[12:0]
data_out[12:0]

[7:0]

[12:8]

delay_1280x72 line_store4

data_in[71:0]

clk

ce
line_store4_out[71:0]

data_out[71:0]

[7:0]

[15:8]

[23:16]

line_store4_in[71:0]

[47:0]

24

48

[31:24]

[39:32]

[47:40]

[55:48]

[63:56]

[71:64]

[71:48]

[47:24]

[23:0] �1280a�

�1280b�

�1280c�

�768�

�1024�

�1280�

line_store_in[23:0]

line_store_ce

1280 1280 1280

24
�1280a� �1280b� �1280c�

The 1280x72 line store is rather wide so it has been �folded� 3 times 
to represent 3 cascaded lines of 1280 stages each with 24-bits.  

13

18

24

Part of 
PicoBlaze 
input MUX
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Line Stores Under Test - Circuit Diagram 2

delay_1536x12 line_store5

data_in[11:0]

clk

ce

line_store5_out[11:0]
data_out[11:0]

delay_1920x9 line_store6

data_in[8:0]

clk

ce

line_store6_out[8:0]
data_out[8:0]

[7:0]

[8]

delay_1920x48 line_store7

data_in[47:0]

clk

ce
line_store7_out[47:0]

data_out[47:0]

[7:0]

[15:8]

[23:16]

line_store7_in[47:0]

[23:0]

24

24

[31:24]

[39:32]

[47:40]

[47:24]

[23:0] �1920a�

�1920b�

�1536�

�1920�

line_store_in[23:0]

line_store_ce

1920 1920

24
�1920a� �1920b�

The 1920x48 line store is rather wide so it has been �folded� 2 times 
to represent 2 cascaded lines of 1920 stages each with 24-bits.  

9

12

[7:0]

[11:8]

Part of 
PicoBlaze 
input MUX
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Design Files
The source files provided for the reference 
design are show on this page.line_store_tester.vhd Top level file and main description of hardware.

PicoBlaze program source assembler code

kcpsm3.vhd PicoBlaze processor for Spartan-3E devices.

ls_test.vhd

I/O constraints file for Spartan-3E Starter Kit 
and timing specifications for 50MHz clock.

ls_test.psm

Assembled program for PicoBlaze (stored in a Block memory) 

Note: The files shown in green are not included with the reference design as they 
are provided with PicoBlaze download. Please visit the PicoBlaze Web site for your 
free copy of PicoBlaze, UART, assembler, JTAG_loader and documentation. 

www.xilinx.com/picoblaze

bbfifo_16x8.vhd

kc_uart_tx.vhd

uart_rx.vhd

bbfifo_16x8.vhd

kc_uart_rx.vhd

uart_tx.vhd

UART transmitter and receiver with 16-byte FIFO buffers.

line_store_tester.ucf
Hint � Source files contain many 
comments and descriptions to help 
you understand the design further.

delay_768x24.vhd

delay_1024x18.vhd

delay_1280x13.vhd

delay_1280x72.vhd

delay_1536x12.vhd

delay_1920x9.vhd

delay_1920x48.vhd

Line Store Macros under test or ready for use in your own video and image processing designs.
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Line Stores

Line Store

Line Store

Frame Buffer

Frame Buffer

1 pixel in

1 pixel out

Spartan

Newest Pixel 
from 

Frame Buffer

Pixel delayed 
by 2 lines

A video image is made up of many lines with each line being formed of many pixels. As you would expect, a Higher resolution display has a larger number of 
pixels per line and a larger number of lines per screen than a lower resolution display. A pixel is typically described as an intensity figure represented by an 8, 
10 or 12-bit value. Of course colour displays will need to describe the intensity of red, green and blue elements of each pixel requiring anything up to (12×3) 
36-bits to describe. Some systems may also include pixel correction value, infrared data etc. 

Pixels per Line

Number 
of Lines

Lines × Pixels

Lines × Pixels

Fn(3 × 3 Pixels)

In the majority of applications, it is impractical to store one or more whole images inside a Spartan devices and therefore some form of external storage is 
required. The bandwidth of this external memory then restricts how many pixels can be accessed at the pixel rate which can cause problems when 
implementing 2-D algorithms. As shown above, an image is formed by scanning from left to right and top to bottom. This only requires one pixel to be read 
from external memory at the pixel rate (although higher clock rates may be required to access multiple bytes for red, green and blue definition of each pixel).  
of higher quality. In 2-D processing, it is necessary to have access to all the pixels in a block. A simple shift register is all that is required to remember several 
pixels on the line currently being read but to access the pixel above or below initially implies another read form the external frame buffer which is probably not 
achievable in the time available (especially as the address would not be consecutive and suitable for burst reading). The solution are line stores implemented 
using on-chip memory which hold all the pixels for a complete line. These are in effect shift registers but only allowing access at their beginning and end. As a 
pixel in written into the line store, the output is presenting the corresponding pixel of the line directly above. 

9 Pixel
Algorithm


