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Line Delay Buffer 
(design example) 

 
 
Abstract 
 
Many real-time video processing applications involve 2-
D filtration elements: IIR or FIR filters, edge detection or 
some other convolution masks. 
Often, in order to speed up performance, such filters are 
built using pipeline architecture that requires data delay 
buffers.  
For example, simple 3x3 averaging filter in order to 
produce a new “filtered” value B0,0 at its output needs 9 
pixel values at the input: 
 

A-1,-1 A0,-1 A+1,-1 

A-1,0 A0,0 A+1,0 

A-1,+1 A0,+1 A+1,+1 

 
B0,0 = (A-1,-1 +  A0,-1+  A+1,-1+  A-1,0+  A0,0+  A+1,0+  A-1,+1+ 
A0,+1 + A+1,+1) / 9  
 
where 
Axx - input pixel values, 
B0,0 – output pixel value. 
 
But in case of pipeline architecture – when random-
assess memory approach may not be used since its 
weak performance, 9 input pixel values may be received 
using data delay buffers. In this case for our example 
the 3x3 averaging filter mask may be presented as 
follows: 
 

A-2,-2 A-1,-2 A0,-2 

A-2,-1 A-1,-1 A0,-1 

A-2,0 A-1,0 A0,0 

 
B-1,-1 = (A-2,-2 + A-1,-2 + A0,-2+ A-2,-1 + A-1,-1 + A0,-1 + A-2,0 + 
A-1,0 + A0,0) / 9 
 
where 
A0,0 – is current pixel value; i.e. that is currently received 
at the filter input; 
A-1,0– is a previous pixel value in this line; may be 
produced by data delay buffer with Tdelay = 1/Fpixel clock; 
A-2,0– is a before last pixel value in this line; may be 
produced by data delay buffer with Tdelay = 2/Fpixel clock; 
……. 
A-2,-2– is a before last pixel value in before last line; may 
be produced by data delay buffer with Tdelay = 2/Fpixel clock 

+ N/Fpixel clock. 
N – is a number of pixels in one line of video frame. 

 
Note that in the last case the resulting pixel value B-1,-1 is 
delayed by 1/Fpixel clock + N/Fpixel clock 

 
 
 

 
 
where 1L – one line delay buffer; 1P – one pixel delay 
buffer. 
The 1P elements may be easily implemented by DFF (D 
flip-flop) components. But providing larger delays such 
as 1L elements using the DFF approach is not effective 
for FPGAs or ASICs. Thus, in this case using of internal 
RAM blocks as an alternative of DFFs is more effective 
way. 
 
The presented Line Delay Buffer module provides a 
single (one) video line delay using FPGA or ASIC 
internal RAM-block(s).  
It is written in pure (technology independent) 
synthesizable Verilog allowing automatic instantiation on 
various platforms. 
The Line Delay Buffer module was successfully used in 
many different projects, such as: real-time HDTV video 
processing module for PDP/LCD display controller 
ASIC, endoscope video improvement processor, 
MPEG2 compression pre-processing system, etc. 

 
 
Main features: 
 

� Input / Output bus width: defined by user (by 
module parameter set); 
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� Delay time: one video frame line;   
  

� Video format: 1080i/30, 1080i/25, 720p/60, 
720p/50 
 

� Video data stream clock: 74.25MHz  
 

� Destination platform: Xilinx FPGA Virtex II, 
Spartan 3, Altera Cyclone, etc. 

 
Description 

 

 
 

(see module source code in APPENDIX A) 
 
 
 
Ports: 
 
CLK –pixel data clock input; 
mode[1:0] –video format input: “0”- 720p/50, “1”- 
720p/60, “2”- 1080i/25, “3”- 1080i/30; 
D[W-1:0] –input data bus, where W is a bus width; 
Q[W-1:0] –output data bus, where W is a bus width; 
 
Parameters (Fig.1): 
 
i30Hz –number of pixels in picture line for 1080i/30 
mode. Usually equals to 2200; 
i25Hz –number of pixels in picture line for 1080i/25 
mode. Usually equals to 2640; 
p60Hz –number of pixels in picture line for 720p/60 
mode. Usually equals to 1650; 
p50Hz –number of pixels in picture line for 720p/50 
mode. Usually equals to 1980; 
W –number of bits of input and output buses. 
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APPENDIX A 

 

module HD_LineDL_controller_v2 (CLK, D, Q, mode) ; 

parameter 

i30Hz = 2200 ,  //1080i,30 

i25Hz = 2640 ,  //1080i,25 

W = 16 , 

p60Hz = 1650 ,   //720p,60 

p50Hz = 1980 ;  //720p,50 

 

input     CLK; 

input   [W-1:0] D; 

output  [W-1:0] Q; 

input   [1:0]  mode; 

 

reg   [W-1:0] RAM [4095:0]  

/* syn_ramstyle="no_rw_check" */ /* synthesis syn_ramstyle="block_ram" */; 

 

reg [11:0] w_addr, r_addr ; 

reg [11:0] Tdelay; 

 

always @* 

case (mode) 

2'd0:   Tdelay[11:0] = p50Hz;  

2'd1:   Tdelay[11:0] = p60Hz;  

2'd2:   Tdelay[11:0] = i25Hz;  

2'd3:   Tdelay[11:0] = i30Hz;  

default:  Tdelay[11:0] = i30Hz; 

endcase 

 

always @(posedge CLK) r_addr[11:0] = r_addr[11:0] + 12'd1; 

 

always @(negedge CLK) w_addr[11:0] <= r_addr[11:0] + Tdelay; 

 

always @(posedge CLK) RAM[w_addr] <= D; 

 

//always @(RAM or r_addr) Q = RAM[r_addr]; 
assign Q = RAM[r_addr]; 

 

endmodule // HD_LineDL_controller_v2(a0) 


